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ABSTRACT 


The  purpose  of  the  study  was  to  examine  the  effect  on  science 
achievement  of  grouping  students  for  instruction  in  science,  using  no 
other  criterion  than  that  of  the  sex  of  the  student. 

The  population  for  the  study  consisted  of  eighty-seven  grade 
six  students  located  in  four  classrooms  in  two  schools.  The  two  class¬ 
rooms  in  each  school  were  instructed  in  science  by  the  same  teacher. 
Thus  it  was  possible  to  designate  one  class  for  each  teacher  as  experi¬ 
mental,  and  one  class  as  control.  The  designation  of  the  classes  was 
left  to  chance. 

Prior  to  the  study  the  students  were  administered  the  STEP 
Form  A  science  test,  the  Lorge-Thorndike  intelligence  test,  and  results 
were  obtained  for  reading  comprehension  ability  from  the  Ginn  grade  6 
reading  test.  These  data,  together  with  the  students’  ages  were  used 
as  a  group  of  covariates  to  control  for  student  variability. 

A  special  unit  of  instruction  in  science  was  introduced  into 
the  programme  in  science.  This  unit  (Biogeography)  was  taught  over  an 
eight-week  period.  Two  post-tests  were  administered  at  the  end  of  the 
eight  weeks.  A  STEP  Form  B  science  test  was  used  as  one  post-test,  and 
a  multiple-choice  test  constructed  by  the  investigator  and  the  two 
cooperating  teachers  was  used  as  the  other. 

A  multiple  linear  regression  analysis  of  covariance  was  used 
to  analyse  the  data.  The  analysis  was  performed  for  the  two  criterion 
measures  separately.  A  full  group  analysis  and  two  sub  group  analyses 


. 

. 


for  the  subjects  of  each  teacher  constituted  the  major  analyses.  The 
contribution  of  the  covariates  to  the  prediction  of  science  scores 
was  also  tested,  using  a  stepwise  regression  analysis. 

The  analyses  of  the  hypotheses  revealed  little  conclusive 
evidence  to  support  the  existence  of  significant  differences  in  science 
achievement  between  the  sub  groups  in  the  examination.  One  exception 
was  that  the  students  of  teacher  one,  who  were  grouped  for  instruction 
by  sex,  were  significantly  superior  in  science  achievement  to  those 
students  of  teacher  one  who  were  in  mixed  groups  when  the  teacher 
post-test  was  used  as  the  criterion. 

Only  previous  science  knowledge  and  intelligence  were  found 
to  be  significant  predictors  of  both  STEP  post-test  scores  and  the 
teacher  constructed  post-test  scores.  Reading  did,  however,  contribute 
significantly  to  the  prediction  of  STEP  scores. 
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CHAPTER  I 


THE  PROBLEM 

INTRODUCTION  TO  THE  STUDY 

The  elementary-school  science  programme  for  Alberta  as  out¬ 
lined  in  the  Curriculum  Guide  (1969)  sets  as  one  of  the  objectives  of 
the  programme  that  the  students  become  act.i/e  and  dynamic  investigators 
of  science  (p.  5).  This  objective  is  to  be  achieved  by  the  develop¬ 
ment  and  use  cf  process  skills  as  they  are  defined  in  the  guide. 

The  approach  to  the  teaching  of  science  in  the  elementary 
school  requires  a  readjustment  of  traditional  teacher-student  roles. 

The  guide  makes  the  point 

.  .  .  that  for  each  suggested  activity  in  this  guide 
certain  process  skills  are  emphasized  which  can  develop 
only  through  direct  experience  (p.  11). 

Small  group  activities  are  suggested  for  situations  involving 
experimental  activities  and  it  is  implied  that  most  concept  develop¬ 
ment  will  take  place  in  relation  to  concrete  experiences. 

It  becomes  necessary  to  arrange  the  science  classes  so  that 
the  pupils  may  work  mostly  in  these  small  groups.  The  suggestion  is 
made  in  the  guide  that  the  students  be  grouped  randomly  or  by  some  form 
of  ability  grouping  (p.  14). 

BACKGROUND  TO  THE  PROBLEM 

Elementary  schools  generally  organize  classes  for  instruction 
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so  that  they  contain  both  sexes  and  it  is  unusual  that  the  sexes  are 
separated  for  instruction,  except  in  very  special  instances. 

In  grouping  for  science  instruction  involving  small  group 
activities,  one  could  also  consider  the  sex  of  the  student  as  a  cri¬ 
terion  to  be  used  in  establishing  the  small  groups. 

Some  writers  have  become  increasingly  concerned  with  the  lack 
of  attention  being  paid  to  the  sex  of  the  student  when  planning  pro¬ 
grammes  of  instruction.  They  feel,  often  for  different  reasons,  that 
the  manner  in  which  instruction  is  made  available  to  the  individual 
student  should  take  into  consideration  the  possible  different  needs 
of  the  two  sexes. 

Peltier  (1968)  makes  the  point  that  elementary  schools  are 
sex-neutral  institutions  treating  unequals  as  equals.  Waetjen  (1965), 
however,  feels  that  elementary  schools  are  feminine  in  emphasis,  and 
as  such  that  they  handicap  the  development  of  boy  pupils.  Although 
they  disagree  as  to  cause,  both  writers  feel  that  different  approaches 
in  instruction  should  be  used  for  boys  from  those  used  for  girls.  They 
agree  thac  the  schools  are  prepared  to  accept  conformity  to  the  general 
standard  (feminine  standards  in  the  elementary  school) ,  but  that  un¬ 
orthodox  ideas  and  novel  attitudes  are  discouraged.  As  a  result  they 
see  the  initiative  and  creativity  of  boys  being  restricted  by  a  system 
using  instructional  methods  aimed  at  the  development  of  conforming 
individuals.  Lyles  (1966)  goes  as  far  as  to  say  that  strong  evidence 
exists  to  suggest  that  mathematics  should  be  taught  to  boys  in  a  mas¬ 
culine  way  and  to  girls  in  a  feminine  way. 
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Garai  and  Scheinf eld  (1968)  conclude  from  the  results 


of  a 


survey  of  studies  of  sex  differences  and  related  mental  traits,  that 
further  research  is  necessary  to  determine  how  boys  and  girls  differ 
with  respect  to  skills,  talents  and  cognitive  styles.  They  recognize 
that  the  sexes  share  common  abilities,  but  feel  that  the  evidence  in¬ 
dicates  that  there  may  be  a  feminine  and  masculine  way  of  learning 
such  subjects  as  mathematics  and  science.  They  suggest  that  part  of 
the  reason  why  girls  in  our  society  have  shown  an  aversion  to  entering 
science  fields  in  the  past  might  be  due  to  the  fact  that  these  subjects 
were  generally  taught  by  men,  quite  probably  in  a  particularly  masculine 
manner . 


Epstein  (1966)  ,  Farhner  and  Cronin  (1967)  ,  and  Parsley  and 
Powell  (1964)  also  consider  pupil  sex  an  important  enough  difference 
that  it.  be  given  consideration  when  planning  for  instruction. 

Yates  (1966)  concluded  that  differences  related  to  the  sex 
of  the  pupil,  such  as  maturity,  reading  level  and  interests  make  in¬ 
vestigation  of  grouping  practices  absolutely  essential.  He  states 
quite  explicitly 

There  is  still  a  good  deal  to  be  discovered  about  the 
extent  to  which  it  is  possible  or,  on  various  grounds, 
desirable  for  boys  and  girls  to  pursue  the  same  curri¬ 
culum.  Research  is  necessary,  for  example,  to  determine 
how  far  sex  differences  in  attainment  and  interests  in 
certain  fields  such  as  mathematics  and  science  can  be 
accounted  for  by  cultural  influences,  and  to  what  degree 
they  are  affected  by  differences  in  basic  abilities  and 
aptitudes  (p .  135). 

Scott  (1964)  ,  studying  science  concept  achievement  of  ten  and 
eleven  year  olds,  found  little  difference  in  terms  of  science  concept  - 
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development,  but  he  did  indicate  trends  which  he  felt  required  further 
investigation.  He  stated 

Since  the  interaction  effect  between  age  levels  and  sex 
categories  appear  to  bear  some  relationship  to  science 
concept  achievement ,  it  may  be  implied  that  consideration 
be  given  to  the  way  children  are  grouped  for  school  ac¬ 
tivities  (p .  16). 

The  question  as  to  whether  grouping  by  sex  influences  learn¬ 
ing  is  open  to  continued  discussion.  This  study  was  set  up  in  an  at¬ 
tempt  to  investigate  whether  science  concept  achievement  at  the  grade 
six  level  is  facilitated  when  the  pupils  are  arranged  for  science 
group  work  according  to  sex. 

Investigations  have  been  carried  out  to  determine  whether 
segregation  by  sex  in  whole  schools  has  any  effect  on  learning. 

Durante  (1967)  ,  Farhner  and  Cronin  (1963) ,  Herman  and  Cris- 
cuolo  (1968)  ,  and  Wisethal  (1965)  all  report  studies  of  grouping  by 
sex  for  instruction  in  whole  school  situations.  Tie  consensus  among 
them  is  that  differences  in  results  do  occur  as  a  result  of  grouping 
by  sex.  While  these  results  indicate  possible  advantages  of  this  kind 
of  grouping,  they  also  feel  that  more  investigation  is  indicated. 

Lyles  (1966) ,  Stanchfield  (1965)  and  Hurd  (1934)  also  report 
grouping  experiments  in  segregated  and  non-segregated  classes.  In 
general  the  results  show  increased  achievement  for  boys  in  segregated 
classes.  Hurd  and  Lyles  studied  science  achievement  in  the  high  school 
and  elementary  school  respectively. 

This  study  restricts  the  separation  of  the  students  by  sex  to 
those  situations  within  science  classrooms  which  require  involvement 
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HYPOTHESES 

Knowledge  of  how  students  are  grouped  for  instruction  does 
not  contribute  significantly  to  the  ability  to  predict  science 
achievement  scores 

1  between  all  experimental  subjects  and  all  control  subject 
la  between  experimental  females  and  control  females 

lb  between  experimental  males  and  control  males 

2  between  experimental  females  and  experimental  males 

3  between  control  females  and  control  males 

when  science  pre-test  scores,  reading  comprehension  ability,  intelli¬ 
gence  and  age  are  controlled. 

DEFINITION  OF  TERMS 

For  the  purposes  of  this  study  the  following  definitions  will 

be  used: 

Experimental  subjects 

Students  organized  for  science  group  work,  within  classes 
containing  both  sexes,  so  that  the  groups  are  all-boy  and  all-girl 
groups . 

Control  subjects 

Students  organized  for  science  group  work  within  classes  so 
that  each  group  includes  both  boys  and  girls. 
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Intelligence  quotient 

The  subjects'  score  on  the  Lorge- Thorndike  Intelligence  Test 
Form  1,  Level  D. 

Re ading  ability 

The  score  obtained  from  Part  Three  (Comprehension)  of  the 
Sixth  P.eader  Achievement  Test  of  the  Ginn  Basic  Reading  series. 
Pre-test  scores 

Converted  scores  obtained  on  Level  Four,  Form  A,  of  the  Se¬ 
quential  Test  of  Educational  Progress  Science  Test. 

Science  concept  achievement 

Converted  scores  obtained  on  Level  Four,  Form  B,  of  the  Se¬ 
quential  Test  of  Educational  Progress  Science  Test. 

Scores  obtained  on  the  teacher  constructed  post-test,  based  on 
the  six  Big  Ideas  of  the  Biogeography  teaching  unit. 

LIMITATIONS 

In  interpreting  the  data  of  this  study  the  following  limita¬ 
tions  should  be  borne  in  mind: 

1.  Science  achievement  cannot  be  considered  to  be  only  that 
which  can  be  measured  using  multiple-choice  tests.  Subjective  evalu¬ 
ation  of  subjects'  responses  in  day-to-day  reporting  proved  beyond  the 
scope  of  this  study,  restricting  it  in  this  respect. 

2.  The  instrument  used  to  obtain  part  of  the  post-test  data 
was  constructed  by  the  investigator  and  the  cooperating  teachers.  The 
validity  of  the  instrument  is  unknown ,  but  efforts  were  made  to  ensure 
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that  the  test  measured  those  concepts  associated  with  the  Biogeograpny 
unit . 

3.  The  sample  for  the  study  was  selected  from  a  population 

of  grade  six  students  in  Peace  River.  It  was  assumed  that  this  sample 
was  representative  of  urban  children  at  this  level. 

4.  While  the  use  of  male  teachers  in  the  study  does  reduce 
variability,  it  might  also  introduce  into  the  data  some  factor  as  a 
result  of  the  interaction  between  the  men  teachers  and  the  boy  subjects. 

SIGNIFICANCE  OF  THE  STUDY 

Increased  concern  with  individualizing  instruction,  and  con¬ 
tinued  controversy  surrounding  learning  and  its  relationship  to  sex, 
suggest  the  need  to  gather  information  regarding  the  various  organiza¬ 
tions  possible  within  the  classroom.  Certainly  there  is  evidence  that 
girls  on  this  continent  have  not  entered  science  careers  as  readily  as 
boys.  A  survey  of  registered  scientists  in  the  USA  for  1964  revealed 
that  of  223,854  registered  scientists  92.3%  were  men. 

While  it  is  certainly  true  that  many  factors  influence  such 
figures,  including  the  cultural  expectations  for  girls,  it  is  possible 
that  science  programmes  in  our  schools  do  not  cater  to  girls  in  the 
kinds  of  activities  they  provide. 

Ideally,  students  of  science  in  the  elementary  school  should 
be  deeply  involved  in  those  activities  which  the  Curriculum  Guide  calls 
the  ’process'  of  science.  How  the  teacher  caters  to  this  need  for  in¬ 
volvement  is  of  major  concern.  As  Dunfee  (1967)  says 
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No  science  programme,  how  ever  well  conceived  and  or¬ 
ganized,  no  matter  how  firmly  based  on  the  opinions  of 
experts  and  knowledge  about  children  can  be  more  success¬ 
ful  than  its  implementation  in  the  classroom  .  .  .  How 
his  group  is  organized  for  instruction,  how  he  teaches 
science  .  .  .  becomes  the  focus  for  concern  (p.  28). 

Trends  indicated  by  this  study  might  suggest  further  studies 
of  a  similar  nature,  perhaps  over  a  longer  time  period.  Finally,  some 
indication  of  the  value  of  grouping  by  sex  at  other  grade  levels  might 
be  investigated  if  these  results  show  this  to  be  desirable. 

THE  EXPERIMENTAL  SETTING 

The  population  from  which  the  sample  was  drawn  consisted  of 
the  six  grade  six  classrooms  of  the  Ptablic  and  Separate  school  systems 
in  Peace  River  town.  The  sample  consisted  of  eighty-seven  of  these 
students  in  four  of  the  classrooms.  The  sample  was  divided  into  ex¬ 
perimental  and  control  groups  randomly.  The  two  classes  in  the  experi¬ 
mental  group  contained  student  groups  which  were  all-boy  or  all- girl 
groups.  In  the  control  classes  the  students  were  in  mixed  sex  groups. 

A  special  unit  of  instruction  was  introduced  into  the  class¬ 
rooms  for  an  eight  week  period.  Eleven  activities  were  selected  from 
the  unit,  and  presented  to  the  students  over  the  period  of  the  study. 

A  pre-test  was  administered  to  measure  previous  science  know¬ 
ledge  prior  to  the  implementation  of  the  study.  Data  concerning  IQ, 
reading  ability  and  age  were  also  collected. 

A  post-test  consisting  of  two  criterion  tests  was  administered 
at  the  end  of  the  eight  week  period.  The  two  tests  were  the  STEP 
and  the  test  designed  for  the  study  (see  page  30). 
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The  design  of  the  study  was  affected  by  the  fact  that  the 
researcher  was  closely  involved  professionally  with  the  teachers  in 
the  study  prior  to  setting  it  up.  The  expectation  of  continuing  close 
professional  involvement  also  placed  some  restrictions  on  the  design. 

OUTLINE  OF  THE  REPORT 

A  review  of  the  relevant  literature  and  research  will  be  pre¬ 
sented  in  Chapter  II.  Chapter  III  describes  the  experimental  design 
of  the  study,  including  descriptions  of  tests  and  of  procedures. 

The  results  of  the  data  analyses  are  presented  in  Chapter  IV. 
The  final  chapter,  Chapter  V,  includes  a  summary  and  a  discussion  of 
the  findings,  and  the  implications  for  further  educational  research. 


■ 


CHAPTER  II 


REVIEW  OF  RELATED  LITERATURE 
AND  RESEARCH 

The  purpose  of  this  study  is  an  attempt  to  show  that  science 
achievement,  at  the  grade  six  level,  would  be  improved  for  both  boys 
and  girls  if  instruction  in  science  was  developed  through  small  group 
activities  presented  to  all-boy  and  all-girl  groups.  The  implication 
is  that  interaction  between  boys  and  girls  in  the  same  group  tends 
to  inhibit  the  science  achievement  of  both  sexes. 

Many  factors  are  included  in  the  total  picture  of  academic 
disparity  between  the  sexes  which  some  researchers  claim  exists  in 
the  elementary  school.  This  review,  as  far  as  possible,  limits  itself 
to  those  studies  which  discuss  factors  having  some  direct  bearing  on 
elementary  school  science  achievement. 

BACKGROUND  AND  INTEREST  IN  SCIENCE 

That  the  difference  in  background  of  boys  and  girls  in  science 
is  not  often  argued  against  is  evident  from  an  examination  of  the 
literature.  A  number  of  studies  show  that  significant  differences  in 
background  and  interest  in  science  between  the  sexes  can  be  measured. 

Swan  (1967)  examined  the  science  achievement  of  more  than 
three  thousand  sixth  grade  students.  He  found  that  students  scoring 
higher  on  a  science  interest  survey  also  scored  higher  on  a  science 
achievement  test.  On  both  the  interest  and  achievement  tests  the 
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results  favoured  the  boys  significantly.  Uhlhorn  (19G3)  investigated 
the  science  backgrounds  of  fourth,  fifth  and  sixth  grade  students  by 
using  a  science  experience  inventory  he  developed.  He  found  that  the 
boys  had  a  significantly  greater  number  of  science  experiences  than 
did  the  girls. 

Smock  and  Holt  (1962),  reporting  a  study  of  grade  one  students' 
curiosity  motivation,  show  males  to  be  significantly  more  curious  than 
females  at  this  level.  They  found  that  females  tend  to  maintain 
rigidity  of  action  when  placed  in  situations  involving  choices  among 
different  actions.  This  rigidity  might  have  implications  in  the  ex¬ 
perimental  situations  which  are  a  part  of  elementary  science. 

Lewis  (1967)  administered  fact  content  tests  in  science  to 
three  hundred  high  school  boys  and  girls.  He  reported  differences 
between  the  sexes  at  the  5%  level  of  significance,  showing  boys  to  be 
more  interested  in  science  than  girls. 

Perrodin  (1966)  studied  the  attitudes  of  grade  six  students 
to  school  subjects.  His  findings  showed  boys  considered  science  a 
more  important  subject  than  did  the  girls. 

Rowland  (1968)  used  a  background  experience  scale  with  one 
hundred  forty-four  boys  and  one  hundred  forty-four  girls  in  grade  six. 
He  reported  significant  differences  at  the  1%  level  favouring  boys  in 
terms  of  their  science  backgrounds. 

Garai  and  Scheinfeld  (1968)  report  a  comprehensive  survey  of 
four  hundred  seventy-four  studies  and  articles  which  examine  sex  dif¬ 
ferences  and  related  mental  and  behavioural  traits.  They  conclude,  as 
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does  Rowland,  that  very  different  interests  and  levels  of  achievement 
exist  between  the  sexes.  In  particular  they  feel  that  science  in¬ 
struction  in  the  elementary  school  does  not  cater  to  the  interests 
or  the  needs  of  girls .  They  point  out  that 

.  .  .  further  intensive  research  is  required  to  identify 
more  adequately  the  specific  different  as  well  as  similar 
skills,  talents  and  cognitive  styles  which  boys  and  girls 
utilize  in  the  learning  of  various  science  subjects 
(p.  277). 

Garai  and  Scheinfeld  go  on  to  say  that  boys  might  tend  to 
attain  higher  levels  of  achievement  in  all-male  classes,  particularly 
in  those  areas  such  as  science,  in  which  they  surpass  girls.  And 
further,  they  point  out  that  science  teaching  must  be  made  stimulating 
and  interesting  for  both  sexes  if  optimum  results  in  science  achieve¬ 
ment  are  to  be  attained. 

The  differences  in  interest  in  science  between  the  sexes  mani¬ 
fest  themselves  relatively  early  in  the  child's  school  life.  Cooley 
(1964)  found  that  boys  and  girls  interested  in  science  had  different 
basic  patterns  of  interests.  Investigating  the  vocational  interests 
of  children,  he  found  that  boys  wanting  science  careers  crystallized 
their  interest  somewhere  between  the  age  of  ten  and  fourteen. 

It  would  appear  that  boys  have  greater  opportunity  for  enter¬ 
ing  science  careers  than  girls.  However,  increasing  female  involve¬ 
ment  in  the  fields  of  science  in  the  USSR  and  other  countries  of  Europe 
indicate  that  much  of  the  reason  for  women  avoiding  science  careers 
might  be  in  the  process  of  being  overcome. 

The  general  consensus  of  opinion  among  writers  and  researchers 
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is  that  boys  exhibit  greater  interest  in  things  scientific  than  do 
girls . 

SCIENCE  ACHIEVEMENT 

Research  into  differences  in  science  achievement  between  the 
sexes,  although  not  without  disagreements  in  the  findings,  generally 
leans  towards  a  conclusion  that,  on  the  average,  boys  achieve  more 
than  girls . 

DeLorenzo  (1963)  studied  grade  six  science  achievement  when 
the  teaching  was  done  by  regular  classroom  and  'special*  teachers  of 
science.  His  results  show  boys  to  be  superior  in  mean  science 
achievement  on  both  his  pre  and  post-test  results.  He  reports  dif¬ 
ferences  in  achievement  significant  at  the  0.05  level. 

Barker  (1965),  studying  the  effect  of  a  'discovery  table'  on 
the  science  achievement  scores  of  ten  and  eleven  year  olds,  found  that 
the  girls  were  consistently  scoring  lower  than  the  boys.  This  study 
was  of  particular  interest  in  that  the  subjects  had  been  exposed  to 
no  science  instruction  at  all  prior  to  the  study. 

In  a  study  of  the  science  achievement  of  gifted  boys  and  girls 
at  the  grade  six  level,  Becker  (1964)  found  that  the  gifted  boys  were 
significantly  superior  to  the  gifted  girls  (p>0.01).  In  this  study 
the  students  were  grouped  according  to  ability.  Becker  reports  that 
the  boys  in  the  non-gif  ted  group  also  scored  higher  than  the  girls  in 
that  group. 

Atkinson  (1931),  in  an  early  study  of  general  science  achieve- 
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ment  at  the  junior  high  level,  tested  one  hundred  nineteen  cases.  He 
found  slight  differences  favouring  boys  in  science  achievement,  even 
though  the  girls  scored  higher  on  the  intelligence  tests. 

Koutnic  (1964)  designed  a  battery  and  bulb  test  to  be  adminis¬ 
tered  to  students  at  the  grade  six  level.  His  test  was  an  on/off 
problem  using  simple  circuits.  His  findings  showed  boys  out-performing 
girls  throughout  the  study  of  eiglity-seven  subjects.  However,  Koutnic 
felt  that  the  difference  in  ability  was  more  related  to  background 
differences  than  to  differences  in  intellectual  functioning. 

The  science  achievement  of  boys  and  girls  differs  at  all  grade 
levels.  It  is  possible  that  the  achievement  of  girls  in  science  is 
related  to  their  greater  interest  in  the  biological  sciences  than  in 
the  physical  sciences. 


INTELLECTUAL  DIFFERENCES 

Whether  the  difference  which  exists  in  terms  of  science 
achievement  between  the  sexes  is  the  result  of  basic  intellectual  dif¬ 
ferences  is  still  open  to  conjecture.  Although  much  evidence  exists 
showing  no  differences  between  the  sexes  in  general  intelligence,  the 
point  has  been  made  (Jones,  1969,  p.  6)  that  most  intelligence  test 
makers  discard  those  items  which  tend  to  discriminate  between  the 
sexes,  thus  designing  out  of  the  tests  any  ability  to  relate  performance 
to  sex. 

Bennett,  Seashore,  and  Wesman  (1956)  have  reviewed  the  Dif¬ 
ferential  Aptitude  Test.  They  concluded  that  the  norms  for  the  sexes 
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differed.  The  boys  were  higher  in  terms  of  spatial  relations  and 
mechanical  reasoning,  while  the  girls  outscored  the  boys  on  language 
usage,  spelling  and  clerical  skills. 

Wisenthai  (1965)  has  studied  differences  between  the  sexes  in 
attitudes  and  attainment  of  elementary  school  children.  In  his  report 
he  draws  attention  to  the  study  carried  out  by  the  Scottish  Council 
on  Education  in  1949.  All  eleven  year  olds  enrolled  in  the  schools  in 
Scotland  were  administered  the  Terman-Merrill  revision  of  the  Stanford- 
Binet  IQ  test.  The  overall  findings  indicated  a  significant  difference 
in  scores  between  the  sexes,  with  the  boys  scoring  higher. 

Weschler  (1958) ,  who  developed  the  WISC  and  WAIS  tests  of  in¬ 
telligence,  contends  that  while  the  sexes  might  score  higher  than 
each  other  on  any  given  test,  they  have,  in  fact,  different  types  of 
intelligence.  He  says 

.  .  .  women  seemingly  call  upon  different  resources  or 

different  degrees  of  like  abilities  in  exercising  what- 
ever  it  is  we  call  intelligence  .  .  .  but  our  findings 

confirm  .  .  .  that  men  not  only  behave,  but  'think’  dif¬ 

ferently  from  women  (p.  148). 

However,  if  one  accepts  that  little  difference  exists  between 
the  sexes  in  general  intelligence,  one  needs  to  consider  that  it  is 
possible  that  the  sexes  do,  as  Weschler  says,  ’think’  differently  in 
such  fields  as  mathematics  and  science. 

Waetjen,  in  reviewing  recent  research  on  science  teaching 
(1965),  reports  some  evidence  indicating  that  boys  have  different 
analytic  thinking  skills  than  do  girls  in  terms  of  science.  Peltier 
(1968)  supports  this  contention  in  a  discussion  of  sex  differences 
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in  the  elementary  school, 

Sigel  (1965)  also  considers  that  males  and  females  perform  on 
different  levels  on  cognitive  tasks.  Philip  (1949)  decided  that  boys 
and  girls  use  different  abilities  for  the  solution  of  mechanical  prob¬ 
lems  . 

The  ability  of  elementary  school  children  to  use  mental  models 
in  the  explanation  of  natural  phenomena  was  examined  by  Anderson 
(1965).  He  interviewed  one  hundred  eighty  subjects,  demonstrating  dif¬ 
ferent  phenomena  to  them.  He  found  that  boys  were  more  likely  to  offer 
atomistic  models  in  explanation,  but  he  noted  that  the  difference 
between  the  sexes  was  such  as  to  provide  limited  evidence. 

Within  this  whole  area  of  intellectual  activity,  the  ability 
to  transfer  knowledge  to  new  situations  appears  to  be  directly  related 
to  the  ability  to  achieve  in  school.  Studies  which  investigate 
transfer  abilities  have  direct  implications  for  science  learning  in 
the  elementary  school,  since  much  of  the  concept  development  in  science 
takes  place  in  situations  involving  the  manipulation  of  information 
and  its  transfer  to  situations  of  an  investigative  nature. 

Lyles  (1966)  found  differences  in  ability  to  transfer  know¬ 
ledge  between  five  hundred  subjects  in  control  and  sex-segregated 
classes.  His  investigation  covered  grades  one  to  six  in  the  area  of 
the  subjects’  science  achievement.  He  found  boys  able  to  transfer 
knowledge  and  apply  learned  skills  in  science  more  readily  than  girls. 

Kostic  (1954)  also  noted  transfer  ability  differences  related 
to  the  subjects’  sex  when  investigating  differences  in  the  learning 
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process.  Although  his  study  involved  high  school  students,  a  point 
of  interest,  was  that  boys  apparently  transfer  information  more  readily 
than  girls  even  when  the  medium  of  instruction  is  entirely  unfamiliar. 
In  this  case  the  boys  were  taught  home  economics. 

Hill  and  Dusek  (1969)  examined  the  achievement  expectations 
of  grade  three  and  four  students.  They  studied  forty-eight  beys  and 
forty-eight  girls  to  determine  if  differences  related  to  the  sex  of 
the  student  existed  in  terms  of  their  achievement  expectations.  They 
noted  differences  at  all  levels  of  their  investigation  which  led  them 
to  conclude  that 

There  is  an  increasing  body  of  evidence  that  sex  differ¬ 
ences  in  achievement  behaviour  and  intellectual  function¬ 
ing  may  be  greater  than  has  been  realized  (p.  551). 

MANIPULATIVE  SKILLS 

The  ability  to  deal  with  the  material  aspects  of  scientific 
investigations  has  a  bearing  on  the  degree  of  involvement  individuals 
reach  in  this  respect.  While  it  has  been  recognized  that  girls  gen¬ 
erally  have  finer  coordination  skills  in  terms  of  cutting  out  and 
colouring  in  the  early  elementary  grades,  there  is  evidence  to  show 
that  boys  are  more  prepared  to  manipulate  objects  when  examining  them 
than  are  girls . 

Goldschmid  (1967),  in  studying  various  conservation  skills, 
found  that  boys  in  general  in  grade  one  and  two  appear  to  be  better 
conservers  than  girls.  He  found  significant  differences  between  boys 
and  girls  in  their  ability  to  conserve  substance  and  discontinuous 
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quantity,  and  also  that  the  boys'  total  scores  were  superior  to  the 
girls'.  He  suggested  that  these  differences  might  be  the  result  of 
the  boys  having  more  opportunity  to  manipulate  concrete  objects 
during  their  play  activities.  He  felt  that  the  boys  also  examined 
transformations  related  to  concrete  objects  more  than  girls. 

Fogelman  (1970)  also  examined  Piagetian  tests  in  terms  of 
sex  differences.  His  subjects  were  six  and  seven  year  olds.  He  de¬ 
termined  that  the  boys  pe.rforro.ed  the  tasks  better  when  they  were  pre¬ 
sented  to  them  in  manipulative  situations.  The  girls,  on  the  other 
hand,  seemed  to  do  better  when  they  were  permitted  to  remain  passive 
and  watch.  He  concluded  that  the  Piagetian  tests  failed  to  discrimi¬ 
nate  accurately  between  conservers  and  non- cons ervers  since  the  mode 
of  presentation  gave  an  advantage  either  to  the  girls  or  to  the  boys, 
depending  on  which  mode,  passive  or  manipulative,  was  used. 

Walberg  (1967)  has  studied  the  science  interests  of  boys  and 
girls  in  high  school.  He  stated  that  in  high  school  physics,  boys 
would  be  more  attracted  to  a  method  of  experimentation,  while  girls 
would  be  more  interested  in  a  method  of  instruction  employing  discus¬ 
sion  and  questioning.  He  felt  that  the  boys  learned  more  from  the 
manipulation  of  physical  objects  in  the  experiments  than  did  the  girls. 

Wisenthal  (1965)  has  examined  the  achievement  of  boys  in  all-boy 
schools  and  girls  in  all-girl  schools.  Among  various  findings  he 
reported  that  girls  tend  to  show  up  better  on  tests  involving  verbal 
situations  than  boys  do.  However,  it  was  noted  that  the  boys  did 
consistently  better  on  tests  involving  performance  items. 
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While  the  evidence  seems  to  indicate  hoys'  willingness  to  be¬ 
come  involved  with  the  physical  manipulation  aspects  of  scientific 
investigations,  there  is  little  doubt  that  the  girls  become  the  re¬ 
porters  for  the  group,  either  keeping  notes  and  records,  or  preparing 
the  final  reports  and  presenting  them.  Differences  in  skills  in 
communication,  thus  have  important  implications  for  small  group  work 
in  science. 

COMMUNICATION  SKILLS 

The  ability  to  communicate  the  results  of  investigations  is  an 
important  part  of  the  process  of  science.  There  is  evidence  which  in¬ 
dicates  that  girls  in  the  elementary  school  probably  have  superior 
skills  in  the  field  of  reporting  the  results  of  investigations.  This 
evidence  has  implications  for  the  teacher  of  science  in  the  elementary 
school . 

Garai  and  Scheinfeld  (1968)  show  that  many  of  the  studies  they 
review  indicate  that  girls  have  superior  language  and  verbal  skills. 
Clark  and  Willis  (1959)  found  differences  significant  at  the  1%  level 
between  boys  and  girls  in  language  skills.  Studying  almost  seventy 
thousand  subjects  in  grades  three,  five  and  eight,  they  reported  re¬ 
sults  showing  girls  to  be  significantly  superior  in  language  skills 
measured  with  standardized  tests.  Chronological  and  mental  age  were 
held  constant  in  this  study. 

DeRoche  (1966)  investigated  the  effect  of  creative  exercises 
on  creative  thinking  in  terms  of  mastery  of  a  unit  of  science  at  the  - 
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grade  six  level.  His  findings  showed  boys  in  both  the  experimental  and 
the  two  control  groups  to  have  superior  ability  in  science  to  the  girls 
in  the  groups.  However,  his  findings  also  showed  that  the  girls  ex¬ 
hibited  greater  fluency  in  science  than  the  boys.  All  results  were 
claimed  to  show  significant  differences. 

An  interesting  study  of  masculinity  and  femininity  as  a  per¬ 
sonality  variable,  and  its  relationship  to  student  achievement  in  the 
elementary  school  was  carried  out  by  Lamkin  (1967) .  He  examined  inter¬ 
sex  and  intrasex  differences  in  terms  of  fourteen  variables.  While  his 
results  showed  greater  intrasex  differences  than  intersex  differences, 
they  also  showed  that  the  girls  as  a  group  were  significantly  superior 
to  the  bovs  in  language  achievement  (0.001  level). 

An  extended  study  of  the  difference  in  learning  patterns  of 
boys  and  girls  in  grade  one  led  Stanchfield  (1968)  to  conclude  that 
girls  at  this  level  had  superior  verbal  ability.  While  it  is  true 
that  these  patterns  change,  there  is  little  doubt  that  the  girls  still 
out-score  the  boys  in  verbal  ability  at  the  grade  six  level.  Stanch¬ 
field  's  study,  lasting  six  years,  concentrated  only  on  reading  ability. 
However,  it  was  noted  by  all  the  teachers  involved  that  gross  differ¬ 
ences  in  ability  to  verbalize  thoughts  existed  between  the  boys  and 
the  girls.  These  differences  became  apparent  as  soon  as  the  boys  were 
grouped  together  for  instruction.  Stanchfield  felt  that  the  differ¬ 
ences  in  communication  skills  which  exist  between  the  sexes  are  hidden 
in  mixed  sex  classes . 

However,  not  all  of  the  researchers  investigating  differences 
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in  language  skills  agree  as  to  the  reasons  why  these  differences  exist. 
Terman  and  Tyler  (1954)  consider  that  girls  tend  to  have  superior 
teacher  ratings  in  general  achievement,  but  that  they  do  not  always 
show  this  superiority  on  tests.  However,  they  do  recognize  that  the 
contention  that  girls  show  superiority  in  language  skills  is  supported 
by  both  teacher  ratings  and  standardized  tests. 

Maccoby  (1968)  also  agrees  that  girls  show  superior  language 
skills  to  boys,  but  the  feeling  is  expressed  that  the  differences  are 
not  as  marked  as  are  sometimes  claimed.  Cardon  (1968)  takes  a  more 
extreme  position  than  this,  stating  that  the  academic  disparity  which 
exists  between  boys  and  girls  in  the  elementary  school  might  even  be 
the  result  of  some  kind  of  genetic  language  superiority  possessed  by 
the  girls. 

One  can  conclude  from  the  evidence  that  there  are  significant 
differences  in  the  elementary  school  favouring  boys  in  terms  of  science 
achievement,  science  interest  and  background,  and  that  differences 
favouring  girls  with  respect  to  communication  skills  are  also  indicated. 
Some  evidence  also  exists  favouring  the  boys  with  more  manipulative 
ability,  and  cognitive  processes  which  tend  to  improve  their  performance 
in  science  situations. 

With  these  differences  in  existence,  grouping  by  sex  for  in¬ 
struction  in  science  has  features  making  it  attractive  to  the  teacher 
of  science  in  the  elementary  school.  Some  studies  of  grouping 
practices  have  been  carried  out,  although  much  of  the  data  cited  as 
showing  differences  between  the  sexes  is  usually  collected  as  a  result 
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of  studies  of  other  aspects  of  learning.  Grouping  studies  usually 
restrict  themselves  to  all-class  or  all-school  sex  groups. 

GROUPING 

Scott  (1964)  suggested  that  consideration  be  given  to  the  way 

children  are  grouped  for  science  instruction.  Scott  investigated 

science  achievement  and  cognitive  functioning  with  ten  and  eleven  year 

old  students.  He  reports  some  interaction  between  age  and  sex  categories 

and  science  achievement,  and  says 

It  is  suggested  that  group  activities  by  children  can 
produce  good  results  when  students  in  these  groups 
are  compatible  in  various  ways  (p.  16). 

Margenstren  (1966)  reports  a  number  of  articles  on  grouping 

in  the  elementary  school.  While  grouping  by  sex  is  not  discussed  at 

length,  Goldberg  and  Passow  point  out  that 

Various  kinds  of  grouping  .  .  .  can  be  used  effectively 
when  they  are  designed  to  implement  planned  variation 
in  method  and  content. 

This  implies  that  the  organization  of  classes  into  small  groups  con¬ 
sisting  of  one  sex  would  be  a  possible  alternative  to  other  grouping 
methods  for  the  science  teacher. 

Farhner  and  Cronin  (1963)  report  the  results  of  a  pilot  project 
carried  out  in  grade  eight.  They  feel  that  individual  differences 
might  be  more  important  than  sex  differences  in  terms  of  the  learning 
ability  of  grade  eight  students.  However,  they  do  point  out  that 
grouping  by  sex  is 

.  .  .  just  one  of  the  many  proposals  for  intelligent 

scheduling  of  boys  and  girls 
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and  that  teachers 

.  .  .  should  recognize  bv  now  that  sex  differences 
in  learning  are  numerous  and  genuine  (p .  17). 

Herman  and  Criscuolo  (1968)  organized  four  grade  one  classes 
so  that  two  classes  were  mixed  by  sex  while  the  other  classes  were  all¬ 
boy  and  all-girl  classes.  Their  findings  indicated  that  grade  one 
boys  had  special  needs  which  needed  catering  to. 

Wisenthal  (1965)  studied  sex  differences  in  attitudes  and  at¬ 
tainment  in  English  junior  schools.  These  schools  were  sex-segregated 
and  compare  in  student  age  to  elementary  schools  in  this  province.  His 
findings  did  not  show  that  boys  benefitted  from  isolation  in  all-boy 
schools.  On  the  other  hand,  Wisenthal' s  results  supported  the  conten¬ 
tion  that  girls  do  benefit  from  such  isolation.  He  concluded  that 
basic  psychological  differences  do  exist  between  boys  and  girls  in 
junior  schools. 

Hillerich  (1967)  investigated  interclass  grouping  in  the 

elementary  school.  He  reviewed  research  in  this  field  and  came  to 

the  conclusion  that  children  cannot  be  'homogenized'  by  ability  or  by 

achievement,  but  that  one  possibility  being  somewhat  ignored  is  that 

of  grouping  by  sex.  He  says 

.  .  .  perhaps  some  future  efforts  at  innovative 
grouping — and  this  is  not  really  new  either — 
might  be  devoted  to  grouping  in  the  one  way  that 
kids  can  be  alike,  i.e.,  by  sex  (p .  8). 
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SUMMARY 

The  communication  of  the  results  of  inquiry  are  essential  to 
the  process  of  science.  Evidence  indicating  differences  in  language 
skills  favouring  girls  would  influence  this  communication  in  mixed-sex 
groups.  It  is  possible  that  the  girls  in  the  groups  would  tend  to  be¬ 
come  the  reporters  for  those  groups.  The  boys’  involvement  in  report¬ 
ing  activities  might  be  inhibited  by  a  lack  of  communication  skill 
necessary  for  these  activities,  and  thus  not  provide  them  with  the  op¬ 
portunity  to  develop  reporting  skills.  In  single  sex  groups  the  students 
would  be  required  to  give  more  attention  to  the  total  spectrum  of  science 
skills . 

On  the  other  hand,  boys  apparently  show  some  superiority  in 
their  ability  to  transfer  information  in  problem  situations.  They 
also  have  some  apparent  ’tinkering*  skills  (Walberg  1967,  p.  115).  If 
the  girls  do  indeed  have  less  well  developed  skills  in  these  areas, 
they  might  in  turn  be  inhibited  in  their  involvement  in  the  small  group 
experimental  work  which  is  so  much  a  part  of  the  daily  work  in  science 
in  the  elementary  school. 

Grouping  by  sex  for  science  instruction  would  allow  the  stu¬ 
dents  to  develop  all  of  the  process  skills  which  the  Curriculum  Guide 
lists  as  being  essential  in  learning  science,  and  in  effect  allow  the 
teacher  of  science  to  plan  for  developmental  work  in  those  areas 
which  the  differing  needs  of  the  boys  and  girls  make  necessary. 

Since  the  science  programme  is  such  that  much  group  work  is 
necessary  it  would  appear  that  an  opportunity  to  utilize  grouping  by 
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sex  within  the  classroom  exists.  The  needs  of  the  two  sexes  could  be 
met  in  science  with  the  least  departure  from  the  co-educational  nature 
of  our  elementary  schools. 


CHAPTER  III 


DESIGN  OF  THE  STUDY 

SAMPLE 

The  population  consisted  of  the  grade  six  enrollments  in  the 
Peace  River  Public  and  Separate  school  systems.  This  comprised  a  total 
of  about  150  children  in  six  classrooms  located  in  three  schools. 

Each  school  operated  two  grade  six  classrooms.  The  classrooms  were 
made  available  for  the  study  following  requests  to  the  two  school 
Boards . 

The  sample  subjects  were  those  students  enrolled  in  four  of  the 
classrooms,  two  rooms  in  each  of  two  schools.  The  two  classes  not 
included  in  the  study  had  been  segregated  into  an  all-boy  class  and 
an  all-girl  class  during  the  whole  of  the  school  year.  Since  the 
purpose  of  the  study  was  to  examine  the  effect  of  grouping  by  sex 
within  classes  containing  both  sexes,  these  two  classes  were  excluded 
from  the  study  as  not  meeting  the  criterion  of  having  both  sexes  in 
one  room. 

The  total  number  of  subjects  involved  in  the  study  was 
eighty-seven. 

The  science  instruction  for  the  four  classes  in  the  study  was 
carried  out  by  two  men  teachers.  Since  each  teacher  was  responsible 
for  two  classes  in  the  same  school,  it  was  felt  that  the  choice  of 
experimental  and  control  classes  could  be  made  by  the  toss  of  a  coin. 


. 


27 


This  was  done,  and  as  a  result  each  teacher  was  required  to  present 
the  same  science  experiences  to  both  a  control  and  an  experimental 
class . 

TABLE  I  provides  a  classification  of  students  by  sex  and  by 
treatment. 


TABLE  I 

CLASSIFICATION  OF  PUPILS  BY  SEX 
AND  BY  TREATMENT 


Sex  Experimental  Control 

Boys  20  22 

Girls  21  24 


Totals 


41 


46 
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INSTRUMENTATION 


Science  Pre-test 

The  Sequential  Test  of  Educational  Progress,  Science  Form  4A 
was  chosen  for  the  pre-test.  A  search  was  made  for  an  instrument 
which  would  measure  those  process  skills  considered  an  integral  part 
of  science  learning.  Of  available  materials,  this  test  seemed  most 
suitable  for  the  purposes  of  this  study.  Inquiry  skills  in  six  areas 
are  measured  by  the  test: 

1.  Ability  to  identify  and  define  scientific  problems. 

2.  Ability  to  suggest  or  screen  hypotheses. 

3.  Ability  to  suggest  valid  procedures. 

4.  Ability  to  interpret  data  and  draw  conclusions. 

5.  Ability  to  reason  quantitatively  and  symbolically. 

6.  Ability  to  evaluate  critically  claims  or  statements 
made  by  others. 

The  test  content  places  emphasis  on  Biology  (40%)  ,  and  con¬ 
sidering  the  nature  of  the  instructional  material  used  in  this  study, 
was  felt  to  be  a  suitable  instrument  in  this  respect. 

The  authors  of  the  test  report  that  reliability  estimates 
were  calculated  for  the  middle  grade  group  on  Form  4A  of  the  test. 
They  report  a  reliability  coefficient  of  0.80  at  the  Grade  5  level. 

Some  examples  of  questions  from  the  tests  are  given  in 


Appendix  A. 


29 


Intelligence  Quotient 

The  Lorge-Thorndike  Intelligence  Test,  Level  D,  is  administered 
to  all  grade  six  pupils  in  the  Peace  River  systems  in  April  of  each 
year.  The  results  for  the  1970  testing  were  used  to  control  for 
student  IQ  variability. 

Reading  Ability 

The  students  in  the  study  use  the  Ginn  reading  programme,  with 
tests  administered  to  them  at  the  end  of  each  grade  level.  Since  the 
science  tests  used  in  the  study  were  heavily  oriented  toward  reading 
skill,  it  was  felt  that  comprehension  ability  would  play  a  large  part 
in  student  performance  on  the  tests.  The  comprehension  total  from 
the  Ginn  test  was  used  to  control  for  variability  in  the  students’ 
comprehension  ability.  The  reading  test  results  for  June,  1970,  were 
used. 

The  age  of  the  students  was  also  considered  in  the  analysis 
of  the  data.  TABLE  II  shows  unadjusted  means  for  the  control  and 
experimental  groups  for  pre-test  science  scores,  reading  scores, 
intelligence,  and  age. 
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TABLE  II 


UNADJUSTED  MEAN'S  PRE-TEST  CO  VARIATE  SCORES 


Experimental 

Control 

Boys 

Girls 

Boys 

Girls 

Science 

264.4 

264.3 

271.1 

266.4 

Reading 

78.2 

79.3 

85.1 

84.8 

Intelligence 

102.3 

103.2 

107.9 

101.4 

Age  (in  months) 

144.4 

143.1 

143.2 

143.5 

Science  Post-tests 

Since  the  STEP  series  of  tests  has  matched  forms,  it  was  pos¬ 
sible  to  use  Form  4B  as  a  post-test.  Comparison  of  results  between 
the  forms  required  that  raw  scores  were  converted  (Manual  and  Key  for 
scoring  Science  Test  Form  4) . 

The  investigator  and  cooperating  teachers  felt  that  some 
valuable  information  could  be  gained  by  testing  the  hypothesis,  that 
knowledge  of  how  students  are  grouped  for  science  instruction  does  not 
contribute  significantly  to  the  ability  to  predict  science  scores  on 
two  criterion  measures.  It  was  thought  that  the  use  of  a  teacher- 
designed  test  might  yield  results  having  more  relevance  to  the  class¬ 
room  situation  than  the  STEP  results  would  have.  Therefore  test  ques¬ 
tions  were  designed  based  on  the  materials  used  in  instruction.  The 
test  consisted  of  thirty  multiple-choice  items  designed  to  test  for 


understandings  derived  from  the  Biogeography  unit. 

The  questions  were  developed  by  testing  the  grade  six  classes 
not  included  in  the  study,  but  who  had  been  receiving  instruction  with 
the  same  activities  from  the  Biogeography  unit.  The  questions  were 
constructed,  used  to  test  the  students,  and  then  modified  as  was  felt 
necessary.  It  was  not  possible  to  analyse  the  results  mathematically 
at  this  stage,  but  an  item  analysis  was  performed  on  the  results  of  the 
final  test  with  the  subjects  in  the  study. 

The  Kuder-Richarason  Formula  20  was  used  to  estimate  the  re¬ 
liability.  The  results  indicated  a  low  internal  consistency  of  0.52. 

As  Ferguson  points  out,  a  test  will  tend  to  have  high  reliability  if 
the  items  on  the  test  have  high  correlations  with  each  other  and  are 
measures  of  much  the  same  attribute  (p.  380). 

The  average  biserial  correlation  of  0.67  indicates  a  low 
degree  of  correlation  which  might  be  the  result  of  the  test  items 
measuring  differing  underlying  attributes,  perhaps  such  as  the  ability 
to  hypothesize,  make  inferences,  and  recall  information.  The  short 
length  of  the  test  would  also  affect  the  reliability  estimate  since 
longer  tests  have  higher  reliability  coefficients  than  similar  tests 
with  fewer  items  (Ferguson,  page  381).  The  average  item  difficulty  was 
0.61  which  approximates  the  ideal  of  an  average  difficulty  index  of  0.50 
for  multiple  choice  items. 

Both  parts  of  the  testing  programme  were  administered  to  the 
subjects  by  the  classroom  teachers  in  order  to  maintain  as  natural  a 
classroom  atmosphere  as  possible.  These  tests  were  administered  during 
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final  week  of  the  school  year.  The  STEP  was  administered  first  in  all 
four  classrooms.  The  grading  of  the  tests  was  carried  out  by  the 
investigator. 


INSTRUCTIONAL  MATERIALS 

Since  it  was  essential  that  all  the  subjects  in  the  study  be 
exposed  to  the  same  science  experiences,  and  since  it  was  desirable  to 
have  as  much  of  the  science  work  consist  of  small  group  activities  as 
possible,  it  was  decided  to  use  a  special  unit  of  work  for  the  duration 
of  the  study. 

An  examination  of  available  materials  led  to  the  choice  of 
the  unit  BIOGEOGRAPHY  from  the  Science  Research  Associates  programme 
Learnings  in  Science  (D.  Parker,  D.  Stotler,  and  A.  Rand).  Activities 
were  chosen  from  the  three  levels  of  each  of  the  six  Big  Ideas  in  the 
programme.  After  discussion  with  the  cooperating  teachers,  a  total  of 
eleven  activities  were  chosen  to  be  used  during  the  eight  weeks  of  the 
study . 

While  it  was  recognized  that  if  time  became  a  factor  each 
pair  of  classes  might  not  cover  exactly  the  same  activities,  it  was 
considered  unnecessary  to  correct  for  this  possibility.  As  long  as 
each  of  the  teachers  made  sure  that  his  control  and  experimental 
classes  covered  the  same  experiences,  little  overall  variability 
would  be  introduced  into  the  study  in  terms  of  the  content  covered. 

The  criteria  for  choosing  activities  included  appropriateness 
for  small  group  activity,  variety  of  reporting  methods  used,  use  of 
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both  living  and  non-living  materials,  and  ease  of  obtaining  the 
materials  required.  An  attempt  was  made  to  include  activities  which 
required  the  students  to  present  their  results  in  different  ways.  In 
some  instances  the  results  were  presented  in  the  form  of  tables  or 
graphs,  in  other  instances  written  reports  were  required. 

Each  activity  was  set  up  on  a  card  which  outlined  the  problem 
under  study.  The  materials  required  were  listed  on  the  card,  and  a 
general  description  of  how  to  set  up  the  investigation  was  also  given. 
Sheets  were  distributed  to  the  groups  for  each  investigation. 

Appendix  C  lists  those  activities  from  the  unit  which  were 
used  in  the  study.  One  example  activity  is  also  given. 

To  facilitate  the  study,  and  to  control  for  any  variations 
which  might  occur  as  a  result  of  the  experimental  nature  of  the 
material,  the  investigator  supplied  instructional  materials  as  re¬ 
quired  to  the  four  classrooms  in  the  study. 

PROCEDURE 

Since  the  purpose  of  the  study  is  to  investigate  the  effect 
of  grouping  by  sex  on  science  achievement,  the  treatment  consists  of 
establishing  different  sex  groupings  in  the  experimental  classes  and 
the  control  classes. 

The  students  were  organized  for  instruction  into  groups  of 
three  or  four.  This  size  group  seemed  to  be  optimum  in  the  circum¬ 
stances  for  the  kind  of  instruction  made  necessary  by  the  unit  used. 
The  Curriculum  Guide  (1969)  suggests  groups  of  two  or  three  (p.l4  ). 
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However,  it  was  felt  that  groups  of  three  or  four  would  mean  less 
difficulty  in  maintaining  the  supply  of  materials  and  equipment. 

The  criterion  used  for  grouping  in  the  control  classes  was 
that  each  group  should  contain  at  least  one  girl  and  one  boy.  It  was 
recognized  that  student  absence  during  the  period  of  the  study  might 
require  that  regrouping  be  undertaken  in  the  control  classes  to 
maintain  the  mixed-sex  grouping  criterion.  As  no  system  could  be 
devised  to  preplan  for  this  eventuality,  it  was  decided  by  the  investi¬ 
gator  that  the  classroom  teacher  should  deal  with  the  problem  if  and 
when  it  arose. 

In  the  experimental  classes  the  students  were  organized  into 
groups  of  three  or  four  for  instruction.  The  criterion  used  in  estab¬ 
lishing  these  groups  was  that  each  group  must  consist  of  all  boys  or 
all  girls.  Student  absence  would  not  require  that  student  regrouping 
take  place  during  the  study. 

The  division  of  the  classes  into  instructional  groups  was 
undertaken  by  the  classroom  teachers  according  to  the  criteria  out¬ 
lined  previously.  The  choice  of  students  to  be  placed  in  particular 
groups  was  left  up  to  the  teacher  since  this  is  normally  the  way 
groups  are  established  in  the  classroom. 

The  teachers  cooperating  in  the  study  were  both  men,  and 
although  it  was  recognized  that  this  fact  placed  certain  limits  on 
the  study,  it  was  also  felt  that  the  variable  of  teacher  sex  would  be 
controlled,  and  differences  in  interaction  between  students  and 


teachers  would  be  reduced. 
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Since  each  teacher  instructed  both  an  experimental  and  a  con¬ 
trol  class,  variations  in  teacher  performance  would  be  expected  to  in¬ 
fluence  the  results  in  both  classes,  thus  controlling  for  the  differ¬ 
ences  in  teacher  performance  which  might  result  from  using  more  than 
one  teacher  in  the  study. 


ANALYSIS 

The  hypotheses  were  examined  by  means  of  the  linear  regression 
model  for  one-way  analysis  of  covariance.  Since  the  class  groups  used 
in  the  study  were  existing  classes,  allocation  to  the  experimental  and 
the  control  groups  was  made  on  no  criterion  other  than  class  member¬ 
ship.  Ferguson  (p.  326)  points  out  that  covariates  not  controlled 
experimentally  may  influence  the  ability  to  predict  criterion  scores. 
However,  the  analysis  of  covariance  technique  does  permit  these  con¬ 
comitant  variables  to  be  controlled  statistically. 

Kelly  (p.  225)  suggests  that  the  use  of  the  multiple  linear 
regression  procedure  allows  the  investigator  to  ask  whether  the 
additional  knowledge  of  the  treatment  of  the  group  significantly  im¬ 
proves  the  prediction  of  the  criterion  variable  over  and  above  that 
which  the  concomitant  variables  predict. 

Kelly  points  out  that  more  than  one  concomitant  variable  can 
be  dealt  with  by  using  the  linear  regression  model.  The  statistical 
control  of  the  covariates  is  achieved  by  the  addition  of  a  vector  for 
each  covariate  to  be  controlled  to  the  full  and  restricted  models. 

Intelligence,  age,  previous  science  knowledge,  and  reading 


comprehension  ability  are  relevant  concomitant  variables,  which 
it  was  felt,  influence  the  ability  to  predict  science  achievement. 
These  variables  are  treated  as  a  group  and  are  controlled  for  statis¬ 
tically  in  the  analyses. 

The  linear  regression  approach  examines  the  ability  of  two 
linear  regression  models  to  predict  the  criterion,  namely,  science 
achievement.  The  first,  or  'full’,  model  contains  group  membership 
vectors  of  the  subjects  by  treatment  as  well  as  the  vectors  of  the 
covariates . 

Full  model: 

X3  =  V  +  a2X2  +  a5X5  +  a7X7  +  a8X8  +  a9X9  +  a10X10  +  6 
Where  : 

i s  the  criterion  to  be  predicted 

X9,  X,,  X_  y  XQ  are  the  concomitant  variables  of  previous 
2  o  /  o 

science  knowledge,  intelligence,  age,  and  reading  comprehension 
ability  respectively. 

Xg  and  X-^q  are  the  vectors  for  the  treatment  groups, 
a  equals  the  unknown  weights  which  make  the  linear  statement 
true  (Kelly,  p.  56). 

e  equals  the  difference  between  the  observed  score  and  the 
predicted  score  on  the  criterion  measure  (Kelly,  p.  120). 

The  second  or  'restricted'  model  contains  only  the  unit  vector 
and  the  covariates 


Restricted  model: 
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Where  the  symbols  are  defined  as  above,  but  the  weights  a, 
and  the  error  e,  are  different  values  in  the  two  equations. 

Any  statistically  significant  difference  between  the  ability 
of  these  models  to  predict  the  criterion  score  is  regarded  as  being 
due  to  the  difference  in  group  membership  (treatment).  These  differ¬ 
ences  would  be  presumed  to  be  present  over  and  above  the  effects 
of  the  covariates,  since  the  covariates  appear  in  both  models. 


The  analysis  of  the  relationship  between  predictor  variables 


and  predicted  score  produces  a  'line  of  best  fit.’  That  is,  a  line  is 
drawn  statistically  which  will  minimize  the  variance  between  observed 
and  predicted  scores  on  the  criterion.  The  procedure  determines  the 
smallest  discrepancies  between  the  sums  of  squares  predicted  and  the 
sums  of  squares  observed  (Kelly,  p.  125). 


The  squared  multiple  correlation  coefficients  (R~)  represents 


the  proportion  of  criterion  variance  accounted  for  by  the  set  of  pre- 

2 

dictor  variables.  The  significance  of  the  difference  between  the  R 

2 

for  the  full  model  and  the  R  for  the  restricted  model,  and  thus  the 
ability  to  predict  science  scores  by  knowledge  of  treatment,  can  be 
examined  by  using  the  F  statistic. 


The  F  test  is  defined  by  the  formula: 


1 
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where  is  the  amount  of  variance  accounted  for  by  the  predictors  in 

2 

the  full  model,  and  R  is  the  amount  of  variance  accounted  for  by  the 

r 

predictors  in  the  restricted  model. 

The  number  of  degrees  of  freedom  associated  with  the  numerator 
is  the  difference  between  the  number  of  independent  sources  of  informa¬ 
tion  in  the  full  model  (unit  vector  and  vectors  for  age,  IQ,  reading, 
pre-science  knowledge  and  vectors  representing  group  membership) ,  and 
the  independent  sources  in  the  restricted  model  (unit  vector,  age,  IQ, 
reading,  and  previous  science  knowledge). 

Thus :  df  =  6-5 

n 

The  number  of  degrees  of  freedom  associated  with  the  denominator 

is  defined  as  the  difference  between  the  number  of  subjects  (N) ,  and 

the  number  of  independent  sources  of  information  in  the  full  model.  The 

degrees  of  freedom  denominator  varies  with  the  size  of  the  group 

studied.  For  the  full  group  analysis  N  =  87  and 

dfJ  =  87-6 
d 

Ten  F  ratios  were  calculated  in  each  analysis  performed.  That 
is,  the  five  hypotheses  were  examined  using  the  STEP  post-test  results 
as  the  criterion  to  be  predicted,  and  then  re-examined  using  the 
teacher  constructed  post-test  as  the  predictor  criterion. 

The  hypotheses  were  generated  from  the  comparisons  among  the 
sub-groups  in  the  investigation.  These  sub-groups  are  presented  in 
TABLE  III. 

The  vectors  used  in  the  testing  of  the  hypotheses  are  defined 


on  page  40. 


■ 
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The  hypotheses  are  shown  on  page  4l .  Full  and  restricted 
models  are  presented  for  each  hypothesis. 

TABLE  III 

SUBJECT  SUB-GROUPS 


Treatment 

Girls 

Sex 

Boys 

Total 

Experimental 

Cell  1 

Cell  3 

Cell  5 

Control 

Cell  2 

Cell  4 

Cell  6 

VECTORS 


X1 . 

X2  . 

science  scores 

X3  . 

scores  STEP 

X4  . 

scores  Teacher  test 

X5  . 

.  Intelligence  quotient 

X6  . 

X7  . 

X8  . 

omprehension  score 

X9  . 

.  All  experimental  subjects  (treatment  1) 

xio  . 

.  All  control  subjects  (treatment  2) 

X11  . 

X12  . 

X13  . 

.  X9  X  X11 

Boys  in  experimental  groups 

>c 

1 — 1 

• 

• 

• 

.  X9  x  Xi2 

Girls  in  experimental  groups 

X15  . 

.  X10  x  X11 

Boys  in  control  groups 

X16  . 

.  X10  X  X12 

Girls  in  control  groups 
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HYPOTHESES  AND  MODELS 


Hypothesis 

1  Knowledge  of  how  students  are  grouped  for  instruction 
does  not  contribute  significantly  to  the  ability  to 
predict  science  achievement  scores  between  experimental 
subjects  and  control  subjects,  when  controlling  for 
pre-test  science  scores,  reading  comprehension  scores, 
intelligence  and  age. 

Full  model: 

X„  =  A  U  +  a0X0  +  a^X,-  +  a^X..  +  a0X0  +  aAXn  +  a,nX1A  4-  e 
3  o  22  55  77  88  99  10  10 

Restricted  model: 

X„  =  A  U  +  a„X~  +  a^X-  4-  a-,X-.  +  a0X0  4-  e 
3  o  22  55  77  88 

la  Knowledge  of  how  students  are  grouped  for  instruction 
does  not  contribute  significantly  to  the  ability  to 
predict  science  achievement  scores  between  experimental 
females  and  control  females,  when  controlling  for  pre¬ 
test  science  scores,  reading  comprehension  score,  in¬ 
telligence  and  age. 

Full  model: 

X3  =  AoU  +  a2X2  +  a5X5  +  a7X7  +  a8X8  +  a14X14  +  a16X16  +  6 
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Restricted  model: 

X~  =  A  U  +  a0X0  +  a-X  +  a-,X-,  +  a0X0  4-  e 
3  o  22  55  77  88 

lb  Knowledge  of  how  students  are  grouped  for  instruction 
does  not  contribute  significantly  to  the  ability  to 
predict  science  achievement  scores  between  experimental 
males  and  control  males,  when  controlling  for  pre-test 
science  scores,  reading  comprehension  scores,  intelligence 
and  age . 


Full  model: 


A  U  +  a0X„  +  a,Xc  4-  a-.X-,  +  a0X0  4- 

o  22  55  77  88 


a13X13  +  a15X15  +  6 


Restricted  model: 


X_  =  A  U  4-  a0X_  4-  acXir  +  a_X-,  4-  a0X0  4-  e 
3  o  22  55  77  88 

2  Knowledge  of  how  students  are  grouped  for  instruction 
does  not  contribute  significantly  to  the  ability  to 
predict  science  achievement  scores  between  experimental 
females  and  experimental  males,  when  controlling  for 
pre-test  science  scores,  reading  comprehension  scores, 
intelligence  and  age. 

Full  model: 

X3  =  V  +  a2X2  +  a5X5  +  a7X7  +  a8X8  +  a13X13  +  a14X14  +  e 

Restricted  model: 

X_  =  A  U  +  a0X  +  a^X  +  a7X  +  aQX  +  e 
3  o  22  55  //  oo 
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3  Knowledge  of  how  students  are  grouped  for  instruction 
does  not  contribute  significantly  to  the  ability  to 
predict  science  achievement  scores  between  control 
females  and  control  males,  when  controlling  for  pre-test 
science  scores,  reading  comprehension  scores,  intelligence 
and  age. 

Full  model : 

X0  =  A  U  4-  a0X  4-  a  X  +  a^X  +  aQX0  +  a  CX  +  a  ,X  ,  4-  e 
3  o  2  2  5  5  7  7  8  8  15  15  16  16 


Restricted  model: 

X0  =  A  U  +  a0X0  4-  acXc  4-  a.,X  4-  a0X0  4-  e 
3  o  22  55  77  88 


Models  identical  with 
using  the  teacher  constructed 


these  were  used  to  test  the  hypotheses 
post-test  (X^)  as  the  criterion 


measure . 


CHAPTER  IV 


RESULTS  OF  THE  INVESTIGATION 

This  chapter  reports  the  results  of  the  analysis  of  the  data 
collected  during  the  investigation.  The  null  hypotheses  are  examined 
in  terms  of  both  criterion  measures,  the  STEP  post-test  and  the  teache 
constructed  post- test.  Since  the  group  means  on  the  post- tests  are 
reported  by  the  multiple  linear  regression  programme  as  unadjusted 
means,  it  was  felt  necessary  to  generate  adjusted  means.  These  are 
reported  in  TABLE  IV. 

The  group  means  on  both  criterion  tests  are  influenced  by  the 
covariates  of  previous  science  knowledge,  intelligence,  reading  com¬ 
prehension,  and  age.  These  covariates  are  treated  as  a  group  in  the 
study.  It  was  felt  that  the  isolation  of  the  individual  covariates 
would  not  contribute  information  of  general  educational  usefulness 
since  the  covariates  form  a  group  of  intercorrelated  variables  that, 
if  used  individually,  would  probably  each  contribute  significantly 
to  the  variance. 

The  covariates  above  were  chosen  for  inclusion  in  the  study 
as  they  are  representative  of  typical  variables  that  need  to  be 
controlled  for.  To  show  the  influence  of  the  individual  covariates, 
a  stepwide  regression  analysis  was  performed  on  the  covariates,  and  is 
reported  following  the  analyses  of  the  major  part  of  the.  study. 
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TABLE  IV 

UNADJUSTED  AND  ADJUSTED  MEANS 
CRITERION  POST  TESTS 


STEP 

: k 

POST 

Unadj . 

Adj  . 

Unadj  . 

Adj  . 

Ex. 

boys 

270.1 

272.6 

22.3 

22.9 

Ex. 

girls 

265.5 

262.9 

22.1 

22.7 

Cont . 
boys 

268.3 

272.4 

23.2 

22.1 

Cont . 
girls 

264.8 

264.2 

21.2 

21.1 

POST  here  refers  to  the  teacher  constructed  post-test. 

As  can  be  seen  from  TABLE  IV,  the  influence  of  the  covariates 
did  not  result  in  large  adjustments  of  the  post  tests'  means.  The 
adjusted  means  on  the  STEP  test  have  an  average  difference  of  2.4 
points  from  the  unadjusted  means.  On  the  teacher  made  test  the  average 
difference  between  adjusted  and  unadjusted  means  is  0.6. 
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RESULTS  OF  TESTING  HYPOTHESES  ON  STEP  CRITERION 


Hypothesis  1 


Knowledge  of  how  students  are  grouped  for  instruction 
does  not  contribute  significantly  to  the  ability  to 
predict  science  achievement  scores  between  experimental 
subjects  and  control  subjects,  when  controlling  for  pre¬ 
test  science  scores,  reading  comprehension  scores,  in¬ 
telligence  and  age. 

The  question  to  be  examined  is  whether  membership  in  the  ex¬ 
perimental  or  in  the  control  group  influences  science  achievement  sig¬ 
nificantly. 

A  full  model 


XQ  -  A  U  +  a0X0  +  a-X^  +  a^X  +  a0X0  4-  anXn  +  ainXin  +  e 
3  o  22  55  77  88  9  9  10  10 

was  constructed  in  which  pre-test  science  scores  ,  intelligence 

(Xr),  age  (X  ) ,  and  reading  comprehension  scores  (XQ)  were  controlled 

for,  and  the  group  membership  vectors  (X  ,Xin)  included. 

y  -Lu 

The  restricted  model 

X3  =  V  +  a2X2  +  a5X5  +  a7X7  +  a8X8  +  e 

assumed  that  group  membership  did  not  affect  the  subjects'  science 
achievement,  over  and  above  that  portion  accounted  for  by  the  covariates. 

The  weights  , a,. , a^ ,ag , a^ ,  and  a ^  are  unknowns  which  make  the 
linear  statements  true  (Kelly,  p.  56). 

The  regression  analysis  yielded  squared  multiple  correlations 
of  0.44  for  the  full  model,  and  0.43  for  the  restricted  model. 

When  compared  by  means  of  an  F  test,  the  correlations  produced 
an  F  ratio  of  1.26.  Since  an  F  ratio  greater  than  3.96  would  be  re¬ 
quired  for  significance  at  the  0.05  level  (degrees  of  freedom  numerator 


, 


4? 


1,  and  degrees  of  freedom  denominator  81),  the  null  hypothesis  was  not 
rejected . 

The  results  of  the  analysis  are  shown  in  TABLE  V. 

Hypothesis  la 

Knowledge  of  how  students  are  grouped  for  instruction 
does  not  contribute  significantly  to  the  ability  to 
predict  science  achievement  scores  between  experimental 
females  and  control  females,  when  controlling  for  pre¬ 
test  science  scores,  reading  comprehension  scores,  in¬ 
telligence  and  age. 

The  hypothesis  was  tested  by  means  of  the  same  procedure  as 
was  used  for  hypothesis  1,  since  the  question  to  be  examined  is  whether 
membership  in  the  experimental  group  or  in  the  control  group  influences 
the  science  achievement  of  girls. 

A  full  model 

=  A  U  +  a0X~  +  acX  +  a7X_  4-  a0X0  4  a1/X  .  4-  a.,,X  ,  4-  e 
o  o  2  2  5  5  7  7  8  8  14  14  16  16 

was  constructed  which  included  information  about  membership  in  the  ex¬ 
perimental  or  the  control  group  (X^,X^),  as  well  as  the  following 
covariates:  pre-test  science  scores  (X?) ,  reading  comprehension  scores 

(X_)  ,  age  (X7)  and  intelligence  (X,.). 
o  /  3 

The  restricted  model 

X„  =  A  U  4  a0X0  4-  a-X-  4  a7X  +  aQxQ  +  e 
O  o  L  L  55  //  oo 

contained  information  only  on  the  covariates.  The  effect  of  the  com¬ 
parison  of  the  two  models  is  to  isolate  group  membership  as  the  signi¬ 
ficant  influence  on  the  girls’  science  scores,  over  and  above  the 
variance  accounted  for  by  the  covariates. 


_ 

- 

- 
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The  weights  a_,  ac  ,  a..,  aQ ,  a...,  a1 , ,  make  the  linear  state- 
i-  j  /  o  ±4  io ' 

ments  true. 

The  squared  multiple  correlation  for  the  full  model  was  0.48, 
and  that  for  the  restricted  model  0.43.  When  subjected  to  an  F  test 
they  yielded  an  F  ratio  of  3.64  (see  TABLE  V). 

With  1  degree  of  freedom  in  the  numerator,  and  39  degrees  of 
freedom  in  the  denominator,  the  F  ratio  was  not  significant  at  the 
0.05  level.  The  null  hypothesis  was  therefore  not  rejected  (TABLE  V) 
Thus,  girls  in  the  experimental  and  control  groups  were  found  not  to 
differ  significantly  in  terms  of  their  achievement  on  the  STEP  post¬ 
test. 


Hypothesis  lb 

Knowledge  of  how  students  are  grouped  for  instruction 
does  not  contribute  significantly  to  the  ability  to 
predict  science  achievement  scores  between  experimental 
males  and  control  males,  when  controlling  for  pre-test 
science  scores,  reading  comprehension  scores,  intelligence 
and  age. 

This  hypothesis  was  tested  by  means  of  the  same  procedure  used 
to  test  hypothesis  la,  as  the  question  to  be  examined  is  whether 
membership  in  the  experimental  or  in  the  control  group  influences 
the  science  achievement  of  boys. 

A  full  model 

X3  =  AoU  +  a2X2  +  a5X5  +  a7X7  +  a8X8  +  a13X13  +  a15X15  +  6 
was  constructed  which  included  information  about  the  group  membership, 
as  well  as  the  following  covariates:  science  pre-test  scores  (X^) , 
reading  comprehension  scores  (Xg) ,  intelligence  (X^) ,  and  age  (X^) . 


- 
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The  restricted  model  contained  information  only  on  the  covari¬ 


ates  . 


Restricted  model 

=  A  U  4-  a0X0  +  acXr  +  a.,X-.  +  a0X0  +  e 
J  O  Z  D  J  l  i  O  O 

Comparing  the  two  models  isolates  group  membership  as  the  sig¬ 
nificant  influence  on  science  achievement,  over  and  above  the  variance 
accounted  for  by  the  covariates. 

The  squared  multiple  correlation  for  the  full  model  was  0.49, 
and  for  the  restricted  model  0.43.  When  subjected  to  an  F  test  they 
yielded  an  F  ratio  of  4.32. 

With  1  degree  of  freedom  in  the  numerator,  and  36  degrees  of 
freedom  in  the  denominator,  the  F  ratio  was  significant  at  the  0.05 
level.  The  null  hypothesis  was  therefore  rejected  (TABLE  V) . 

Thus,  boys  in  the  experimental  and  control  groups  were  found 
to  differ  significantly  in  terms  of  their  achievement  on  the  STEP  post¬ 
test. 

Hypothesis  2 


Knowledge  of  how  students  are  grouped  for  instruction 
does  not  contribute  significantly  to  the  ability  to 
predict  science  achievement  scores  between  experimental 
females  and  experimental  males,  when  controlling  for 
pre-test  science  scores,  reading  comprehension  scores, 
intelligence  and  age. 

This  hypothesis  recognizes  that  sex  differences  within  the 
experimental  group  might  influence  the  ability  to  predict  science 
achievement  scores  even  when  the  treatment  for  both  sexes  is  the  same. 

The  analysis  again  involves  the  multiple  regression  procedure 


■ 
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used  to  test  the  previous  hypotheses.  The  group  examined  are  those 
students  given  instruction  in  groups  consisting  of  all  boys  or  all 
girls.  Full  and  restricted  models  were  constructed  as  follows: 

Full  model 

=  A  U  +  a0X0  +  a^X,.  +  a7X7  +  aQXQ  +  a,  „Xn  „  +  a, ,  X,  ,  +  e 
3  o  2  2  5  5  7  7  8  8  13  13  14  14 

Restricted  model 

X  =  A  U  +  a0X  +  acXc  +  a^X_,  4-  a0X0  +  e 
3  o  22  55  77  88 

The  restricted  model  assumes  that  no  additional  information 

over  and  above  that  attributed  to  the  covariates  (X  ,XC,X  X  )  will  be 

2  5/8 

gained  by  knowing  that  the  subjects  are  boys  or  girls  if  they  are  in¬ 
structed  in  separate  groups  which  are  all  boy  or  all  girl  groups.  These 
groups  are  represented  by  the  vectors  X^  and  X  in  the  full  model. 

TAVLE  VI  shows  the  results  of  the  regression  analysis.  The  F 
ratio  of  3.26  which  results  from  comparing  the  two  models  is  not  sig¬ 
nificant  at  the  0.05  level,  and  the  hypothesis  is  not  rejected. 

Hypothesis  3 

Knowledge  of  how  students  are  grouped  for  instruction 
does  not  contribute  significantly  to  the  ability  to 
predict  science  achievement  scores  between  control  fe¬ 
males  and  control  males,  when  controlling  for  science 
pre-test  scores,  reading  comprehension  scores,  intelli¬ 
gence  and  age. 

Full  and  restricted  models  were  constructed  as  follows,  and 
subjected  to  a  multiple  linear  regression  analysis. 
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Full  model 

X^,  =  A  U  +  a0X0  +  a^Xj.  +  a-.X-.  4-  a0X0  +  a,  ,-X..  _  4-  a^X..,  +  e 
3  o  2  2  5  5  7  7  8  8  15  15  16  16 

Restricted  model 

X_  =  A  U  +  a0X_  +  acX  +  a1X^  +  a0X0  "1  e 
3  o  22  55  77  88 

The  restricted  model  assumes  that  no  additional  significant 
information  beyond  that  provided  by  the  covariates  is  available  if 
it  is  known  whether  subjects  in  mixed  groups  are  boys  or  girls. 

The  squared  multiple  correlation  coefficients  for  the  full  and 
restricted  models  were  0,45  and  0.43  respectively.  When  subjected  to 
an  F  test  they  yield  an  F  ratio  of  1.53,  much  below  that  needed  for 
0.05  level  significance,  with  1  degree  of  freedom  numerator  and  40 
degrees  of  freedom  denominator.  The  probability  that  the  difference 
occurs  by  chance  exceeds  22%  (see  TABLE  VI) . 

Thus,  hypothesis  3  is  not  rejected,  and  no  significant  dif¬ 
ferences  on  STEP  post-test  results  were  found  between  boys  and  girls 
in  the  control  group. 

The  models  used  to  test  the  hypotheses,  using  STEP  results 
as  the  criterion,  are  to  be  found  in  TABLE  XXIV  in  Appendix  D.  Cal¬ 
culated  constants  and  regression  weights  are  included. 
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RESULTS  OF  TESTING  HYPOTHESES  ON  TEACHER  TEST 

Since  the  multiple  regression  analysis  was  performed  using 
two  criterion  measures,  namely,  STEP  post-test  results  and  teacher 
constructed  post-test  results,  the  hypotheses  to  be  tested  can  be 
subjected  to  similar  discussions  for  both  criterion  measures.  Thus 
the  analysis  which  follows  is  a  replication  of  that  described  earlier 
with  the  exception  that  the  criterion  measure  is  (teacher  constructed 
post-test  scores)  and  not  (STEP  post-test  scores) . 

The  full  and  restricted  models  for  each  hypothesis  are  the 
same  as  those  in  the  STEP  criterion  analysis,  so  that  the  results  can 
be  readily  tabulated.  TABLE  VII  reports  the  findings  with  respect  to 
hypotheses  1,  la,  and  lb.  TABLE  VIII  reports  the  findings  for  hy¬ 
potheses  2  and  3. 

The  hypotheses  tested,  and  a  discussion  of  the  models  used  to 
test  them  are  to  be  found  in  the  analysis  for  the  STEP  criterion, 
pages  46  to  53  •  TABLE  XXIV  in  Appendix  D  shows  the  models  used  to  test 
the  hypotheses,  along  with  the  calculated  constants  and  regression 
weights . 

Both  hypotheses  la  and  lb  were  not  rejected  since  the  F  ratios 
in  both  instances  were  smaller  than  those  required  for  the  difference 
between  the  adjusted  means  for  the  groups  on  the  teacher  test  to  be 
significant  at  the  0.05  level. 

The  failure  to  reject  the  hypothesis  la  means  that  no  signi¬ 
ficant  difference  was  found  between  the  adjusted  mean  scores  for  the 
experimental  and  control  girls  on  the  teacher  constructed  post-test. 


ANALYSIS  OF  COVERIANCE  OF  TEACHER  POST  TEST 
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In  terms  of  hypothesis  lb,  no  significant  difference  between 
the  adjusted  mean  scores  for  experimental  boys  and  control  boys  was 
found . 

Hypothesis  1,  however,  is  rejected  since  the  F  ratio  of  4.59 
is  greater  than  the  critical  value  required  for  the  difference  between 
the  adjusted  mean  scores  for  the  groups  to  be  significant  at  the  0.05 
level. 

The  hypothesis  was  tested  using  a  full  model  containing  co¬ 
variate  information  (pre-test  science  scores,  reading  comprehension 

scores,  intelligence  and  age)  and  X  and  X  n  which  are  group  vectors, 

y  _Lu 

Xg  being  the  full  experimental  group,  and  X^q  the  full  control  group. 

The  restricted  model  contains  information  on  only  the  covariates. 

Knowledge  of  which  group  the  subjects  belong  to,  experimental 
or  control,  permits  a  statistically  better  prediction  of  teacher  post¬ 
test  scores  than  lack  of  this  knowledge. 

It  is  interesting  to  note  that  while  comparison  of  the  experi¬ 
mental  boys  group  with  the  control  boys  group,  and  of  experimental 
girls  group  with  the  control  girls  group  yields  differences  which  are 
not  significant,  when  the  total  experimental  group  (adjusted  mean 
scores)  is  compared  with  the  total  control  group,  the  difference  in  per¬ 
formance  on  the  teacher  constructed  post-test  is  statistically  signi¬ 
ficant  at  the  0.05  level. 

TABLE  XVIII  presents  a  tabulation  of  the  findings  of  the 
regression  analyses  for  hypotheses  2  and  3.  It  can  be  readily  seen 
that  the  F  ratios  are  smaller  than  those  required  for  rejection  of 


u  ■  ■  .j  t  •'  i  vfi  #  fJly 


CS 
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the  hypotheses. 

Thus  it  can  be  said  that  no  significant  difference  was  found 
on  the  teacher  post-test  between  the  performance  of  experimental  girls 
and  experimental  boys.  Also,  no  significant  difference  was  found  be¬ 
tween  the  performance  of  control  boys  and  control  girls  on  the  test. 

TABLE  IX  summarizes  the  findings  of  the  regression  analysis 
for  the  hypotheses  tested  on  both  criterion  measures.  The  models  used 
in  the  regression  analysis  are  presented  in  TABLE  XXIV,  Appendix  D, 
together  with  calculated  constants  and  regression  weights. 


TABLE  IX 


SUMMARY  OF  RESULTS  OF  TESTING  HYPOTHESES  ON  TWO 
CRITERION  POST  TESTS 


Hypothesis 

STEP  post¬ 
test 

Teacher  post¬ 
test 

1 

not  rejected 

* 

rejected 

la 

not  rejected 

not 

rejected 

lb 

* 

rej  ected 

not 

rejected 

2 

not  rejected 

not 

rej  ected 

3 

not  rejected 

not 

rej  ected 

* 


significant  at  0.05  level 
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OTHER  FINDINGS 

An  examination  of  the  unadjusted  pre-test  and  post-test  means 
on  the  STEP  tests  indicated  that  further  analysis  might  be  necessary. 

While  it  had  not  been  intended  to  use  the  STEP  results  to 
compare  pre  and  post  test  scores,  in  view  of  the  fact  that  the  mean 
scores  on  the  girls’  post  test  results  fell  while  the  score  for  both 
boys  groups  rose,  it  was  decided  to  determine  if  relevant  information 
was  being  hidden  in  the  full  group  analysis. 

The  means  on  the  pre  and  post  STEP  tests  are  reported  in 
TABLE  X.  Unadjusted  means  are  shown. 


TABLE  X 

UNADJUSTED  MEANS  PRE  AND  POST  STEP 


Pre-STEP 

Pos t-STEP 

Difference 

Experimental  boys 

264.4 

270.1 

+  5.7 

Experimental  girls 

264.3 

262.9 

-  1.4 

Control  boys 

271.1 

272.4 

+  1.3 

Control  girls 

266.4 

264.8 

-  1.6 

- 
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Multiple  regression  analysis  was  performed  to  test  the  hy¬ 
potheses  for  the  subjects  of  the  two  teachers  separately.  The 
hypotheses  tested  are  those  examined  in  the  full  group  analysis 
(pages  46  to  59).  TABLE  XI  shows  the  distribution  of  students 
according  to  teacher  and  instructional  grouping. 

TABLE  XI 

DISTRIBUTION  OF  STUDENTS  BY  TEACHER  AND  TREATMENT 

Teacher  1  Teacher  2 


Boys 

Girls 

Boys 

Girls 

Experimental 

10 

15 

10 

6 

Control 

10 

11 

12 

13 

Total 

20 

26 

22 

19 

RESULTS  OF  TESTING  HYPOTHESES  -  TEACHER  ONE 

Since  the  experimental  and  control  classes  for  each  teacher 
are  examined  separately  this  further  analysis  does,  in  effect,  intro¬ 
duce  a  variable  of  teacher  performance  into  this  part  of  the  study. 
TABLES  XII  and  XIII  which  follow  show  the  results  of  the  regression 
analysis  of  the  data  for  the  STEP  criterion  for  the  subjects  taught 
by  Teacher  one.  The  models  used  to  test  the  hypotheses  are  reported 
in  TABLE  XXV,  APPENDIX  D.  Calculated  regression  weights  are  included. 


ANALYSIS  OF  COVARIANCE  OF  SCIENCE  STEP  TEST 
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Hypothesis  1  postulates  that  no  difference  in  science  achieve¬ 
ment  will  result  between  subjects  grouped  for  instruction  in  single¬ 
sex  groups  or  mixed  sex  groups  (p .  41  ) ,  over  and  above  that  accounted 
for  by  the  covariates  of  pre-test  science  scores,  reading  comprehension 
scores,  intelligence  and  age. 

No  significant  difference  was  found  between  the  full  experi¬ 
mental  and  full  control  groups  for  teacher  one.  Thus,  hypothesis  1 
is  not  rejected. 

Hypothesis  la  examines  the  effect  of  instructing  girls  in  all¬ 
girl  groups  and  in  mixed  groups  (p .  41  ) .  Since  the  F  ratio  does  not 
approach  the  magnitude  required  to  reject  the  hypothesis,  it  must  be 
concluded  that  knowledge  of  group  membership  does  not  significantly 
enhance  the  ability  to  predict  science  STEP  scores,  over  and  above 
the  proportion  of  variance  accounted  for  by  the  covariates.  That  is, 
the  girls  groups  do  not  differ  significantly  as  a  result  of  the  treat¬ 
ment  . 

Hypothesis  lb  (p.42  )  is  not  rejected  since  the  F  ratio  is 
smaller  than  that  required  to  justify  rejection  at  the  0.05  level  of 
confidence.  Thus  it  must  be  concluded  that  knowledge  of  which  group 
the  boys  are  in  for  instruction  does  not  materially  help  in  predict¬ 
ing  STEP  science  scores,  over  and  above  that  proportion  of  the  variance 
accounted  for  by  the  covariates.  The  different  treatments  did  not 
alter  the  boys’  scores  on  the  STEP  test. 

TABLE  XIII  shows  the  results  of  testing  hypotheses  2  and  3 
(p.42  ).  Neither  hypothesis  is  rejected,  indicating  no  significant 


: 

. 
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differences  between  experimental  boys  and  girls,  nor  any  significant 
differences  between  control  boys  and  control  girls  on  the  STEP  cri¬ 
terion. 

TABLE  XIV  reports  the  results  of  testing  hypotheses  1,  la, 
and  lb  with  the  teacher  constructed  post  test  used  as  the  criterion. 
The  models  used  to  test  the  hypotheses  are  reported  in  TABLE  XXV, 
APPENDIX  D,  together  with  calculated  regression  weights. 

While  no  differences  were  found  between  experimental  and 
control  boys  on  this  criterion,  the  two  groups  of  girls  did  differ 
significantly,  over  and  above  that  proportion  of  variance  accounted 
for  by  the  covariates  pre-test  science  scores,  reading  comprehension 
scores,  intelligence  and  age.  In  addition,  the  difference  between  the 
performance  of  the  full  experimental  and  full  control  groups  on  the 
teacher  constructed  post-test  is  statistically  significant.  Conse¬ 
quently,  hypotheses  1  and  la  are  rejected,  while  hypothesis  lb  is  not 
rejected  (see  TABLE  XVI) . 

When  differences  between  boys  and  girls  in  the  experimental 
group,  and  differences  between  boys  and  girls  in  the  control  groups 
are  examined  (hypotheses  2  and  3,  page  42) ,  significant  differences 
were  found  in  both  instances.  TABLE  XV  shows  the  results  of  the 
analyses . 

Of  the  hypotheses  tested  with  the  results  obtained  by  teacher 
one,  none  are  rejected  when  the  STEP  test  is  used  as  the  criterion 
measure.  However,  if  the  teacher  constructed  post-test  is  used  as  the 
criterion,  hypotheses  1,  la,  2  and  3  are  rejected  (see  TABLE  XVI). 
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TABLE  XVI 

SUMMARY  OF  RESULTS  OF  HYPOTHESES  ON  TWO 
CRITERION  POST  TEST  FOR 
TEACHER  ONE 


Hypothesis 


STEP  post¬ 
test 


Teacher  post¬ 
test 


** 


1 

not  rejected 

re j  ected 

la 

not  rejected 

JL 

/\ 

rejected 

lb 

not  rejected 

not  rejected 

2 

not  rejected 

* 

rejected 

3 

not  rejected 

k 

rejected 

significant  at  0.01  level 

* 

significant  at  0.05  level 
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RESULTS  OF  TESTING  HYPOTHESES  -  TEACHER  TWO 

The  analyses  of  the  hypotheses  for  Teacher  two  are  now  pre¬ 
sented.  Since  the  hypotheses  to  be  tested  are  the  same  as  those 
tested  previously  in  the  full  analysis  (pages  46  to  59  ) >  the  models 
used  in  the  regression  analysis  are  the  same  as  those  used  before. 
These  models  with  their  calculated  regression  weights  are  to  be  found 
in  TABLE  XXVI  in  APPENDIX  D. 

Two  tables  follow  which  report  the  results  of  the  analyses 
for  Teacher  two  using  the  STEP  criterion. 

None  of  the  hypotheses  were  rejected.  The  F  ratios  are  such 
that  no  significant  differences  were  found  between  treatment  groups, 
or  between  boys  and  girls  subjected  to  similar  treatments  (TABLES 


XVII  and  XVIII) . 
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The  results  of  the  analyses  using  the  teacher  constructed 
test  as  the  criterion  with  subjects  of  teacher  two  are  presented  in 
TABLES  XX  and  XXI. 

As  can  be  seen  from  the  tables,  knowledge  of  group  membership 
does  not  enhance  the  ability  to  predict,  over  and  above  the  proportion 
of  variance  accounted  for  by  the  covariates,  scores  on  the  teacher 
constructed  post-test. 

The  models  used  to  test  the  hypotheses  can  be  found  in  TABLE 
XXVI  in  APPENDIX  D.  The  hypotheses  tested  are  the  same  as  those 
tested  previously  in  the  full  analysis  (pages  46  to  59) • 

TABLE  XIX  summarizes  the  findings  of  the  regression  analyses 
for  the  hypotheses  for  both  criterion  measures  for  Teacher  two. 

TABLE  XIX 

SUMMARY  OF  RESULTS  TEACHER  TWO 


Hypothesis 

STEP  post¬ 
test 

Teacher  post' 
test 

1 

not  rejected 

not  rejected 

la 

not  rejected 

not  rejected 

lb 

not  rejected 

not  rejected 

2 

not  rejected 

not  rejected 

3 


not  rejected 


not  rejected 
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SUMMARY  OF  THE  RESULTS 

The  results  of  the  data  analysis  may  be  summarized  as  follows: 

For  the  full  group  analysis  using  both  criterion  measures, 
and  with  the  covariates  of  previous  science  knowledge,  reading  com¬ 
prehension  ability,  intelligence  and  age,  controlled  for  the  findings 
indicate : 

1  No  significant  difference  was  found  in  the  adjusted  mean 
performance  between  the  full  experimental  and  full  control  groups  on 
the  STEP  criterion.  However,  the  experimental  group  was  superior  to 
the  control  group  on  the  criterion  of  the  teacher  constructed  post- test. 

la  There  was  no  significant  difference  in  the  adjusted  mean 
performance  between  girls  instructed  in  all-girl  groups,  and  girls 
instructed  in  mixed  groups  on  the  STEP  post- test  or  on  the  teacher 
constructed  post- test. 

lb  On  the  criterion  of  STEP  post- test  the  experimental  boys 
were  significantly  superior  to  the  control  boys  in  adjusted  mean 
performance.  No  significant  difference  was  found  between  the  mean 
performance  of  the  groups  on  the  teacher  constructed  post-test. 

2  No  significant  differences  were  observed  between  experi¬ 
mental  males  and  experimental  females  on  either  criterion  measure. 

3  No  significant  differences  were  observed  between  control 
males  and  control  females  on  either  of  the  criterion  measures. 


. 
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The  data  were  analysed  for  the  two  teachers  in  the  study 
separately.  Using  the  covariates  of  previous  science  knowledge, 
reading  comprehension  ability,  intelligence  and  age  to  control  for 
student  variability,  the  following  results  were  obtained  for  the 
subjects  of  Teacher  One. 

1  No  significant  difference  was  found  in  the  adjusted  mean 
performance  of  the  full  experimental  and  full  control  groups  on  the 
STEP  criterion.  However,  on  the  teacher  post-test  criterion  the  ad¬ 
justed  mean  performance  of  the  experimental  group  was  significantly 
superior  to  that  of  the  control  group. 

la  No  significant  differences  in  adjusted  mean  performance 
between  girls  in  all-girl  groups  and  girls  in  mixed  groups  were  found 
when  using  the  STEP  criterion. 

When  using  the  teacher  constructed  post-test  as  the  criterion 
measure,  the  adj listed  mean  performance  of  the  experimental  girls  was 
superior  to  that  of  the  control  girls. 

lb  No  significant  differences  in  adjusted  mean  performance 
were  observed  between  boys  instructed  in  all-boy  groups  and  boys  in¬ 
structed  in  mixed  groups  on  either  of  the  criterion  measures. 

2  No  difference  in  adjusted  means  scores  of  a  significant 
nature  was  found  between  experimental  females  and  experimental  males 
when  using  the  STEP  criterion. 
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However,  on  the  teacher  post-test  criterion  the  adjusted  mean 
performance  of  the  experimental  group  was  significantly  superior  to 
that  of  the  control  group . 

3  Similar  results  were  obtained  for  this  hypothesis  as  for 
hypothesis  2.  Males  mean  performance  was  superior  to  that  of  the 
females  on  the  teacher  post-test  criterion. 

For  Teacher  Two  no  significant  differences  were  observed  be¬ 
tween  the  adjusted  mean  scores  for  the  groups  for  the  different  treat¬ 
ments,  for  any  of  the  hypotheses  cn  either  of  the  two  criterion 
measures,  over  and  above  that  proportion  of  the  variance  accounted  for 
by  the  covariates . 
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STEP-WISE  REGRESSION  ANALYSIS 

The  covariates  included  in  the  major  part  of  this  study  were 
considered  as  a  group  of  variables,  representative  of  the  kind  of 
variables  which  influence  achievement,  and  which  need  to  be  controlled 
for  in  studies  such  as  this.  The  fact  that  the  individual  covariates ' 
contribution  to  the  prediction  of  criterion  scores  differs,  was  not 
considered  to  be  central  to  this  study.  However,  it  was  decided  to 
examine  the  extent  to  which  the  individual  covariates  contribute  to 
the  prediction  of  the  criterion  scores.  Thus,  a  step-wise  regression 
analysis  was  performed  on  the  covariates  for  both  of  the  criteria 
used. 

The  step-wise  regression  procedure  used  permits  each  covariate 
to  enter  the  analysis  separately.  The  degree  of  contribution  to  the 
prediction  of  the  criterion  is  calculated,  and  the  significance  of 
this  contribution  examined  by  using  the  F  statistic.  The  per  cent  of 
the  variance  accounted  for  by  the  covariates  is  reported  at  each  step. 

TABLE  XXII  reports  the  results  of  the  step-wise  regression 

analysis  for  the  covariates  on  the  STEP  criterion.  The  regression 

equation  with  the  numerical  coefficients  included  follows: 

X  =  69.75  +  . 3 IX  +  . 39X  +  .34XQ  +  .32X, 

5  12  3a 

X^  is  reading  comprehension,  X^  intelligence,  X^  previous 
science  knowledge  and  X^  age.  As  can  be  seen  from  TABLE  XXII,  the 
covariates  reading  comprehension,  intelligence  and  previous  science 
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knowledge  all  contribute  significantly  to  the  prediction  of  STEP 
scores.  Age  is  not  a  significant  predictor  of  STEP  scores,  although 
the  F  ratio  at  this  step  does  approach  significance. 

TABLE  XXIII  reports  the  results  of  the  analysis  using  the 

teacher  test  as  the  criterion.  The  regression  equation  and  coefficients 

follow.  In  comparing  the  two  sets  of  results  it  should  be  noted  that 

the  covariates  have  different  designations  in  each  analysis. 

X_  =  -19.54  +  . 12X  +  . 09X_  -  .03Xo  +  .04X, 

~>  12  3  4 

X^  is  previous  science  knowledge,  X^  intelligence,  X^  age  and 
X^  reading  comprehension.  As  TAELE  XXIII  shows,  only  the  covariates 
previous  science  knowledge  and  intelligence  are  significant  contribu¬ 
tors  to  the  prediction  of  scores  on  the  teacher  post-test. 

It  is  interesting  to  note  that  the  two  significant  predictors 
on  the  teacher  post-test  account  for  a  greater  amount  of  the  variance 
than  the  three  significant  covariates  on  the  STEP  post-test. 

While  age  is  not  a  significant  covariate  on  either  of  the  cri¬ 
terion  tests,  reading  comprehension  is  significant  with  respect  to 
the  STEP  criterion,  but  not  the  teacher  test  criterion.  It  is  possible 
that  this  results  because  the  STEP  test  is  harder  to  read  than  the 
teacher  constructed  test,  and  is  thus  more  a  test  of  reading  ability 


than  the  teacher  made  test. 
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CHAPTER  V 


SUMMARY,  CONCLUSIONS,  IMPLICATIONS  AND  SUGGESTIONS 

FOR  FURTHER  RESEARCH 

SUMMARY 

The  purpose  of  this  study  was  to  determine  if  grade  six  stu¬ 
dents  grouped  in  all-boy  and  all-girl  groups  for  instruction  in  science 
would  achieve  at  a  significantly  higher  level  than  those  taught  in 
mixed  groups. 

Four  grade  six  classes  were  involved  in  the  study.  Two  classes 
were  designated  by  chance  as  experimental.  In  these  classes  the  stu¬ 
dents  were  grouped  in  all-boy  and  all-girl  groups.  Two  male  teachers 
participated  in  the  study,  each  one  instructing  both  an  experimental 
and  a  control  class. 

Data  were  collected  for  previous  science  knowledge,  reading 
comprehension  ability,  intelligence  and  age.  These  were  included  in 
the  analysis  of  the  post-test  results  to  control  for  student  variabilit 
The  total  testing  procedure  was  carried  out  by  the  classroom  teachers. 

The  post  science  achievement  tests  were  a  STEP  multiple  choice 
test,  and  a  multiple  choice  test  made  up  by  the  investigator  and  the 
participating  teachers.  The  hypotheses  were  tested  using  the  two  cri¬ 
terion  tests  separately. 

In  the  light  of  the  comparison  of  the  pre  and  post-STEP  scores 
it  was  decided  to  re-examine  the  hypotheses  for  the  students  of  each 
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teacher  as  separate  groups.  Thus,  an  analysis  similar  to  the  full 
group  analysis  was  performed  on  the  data  obtained  from  the  two  classes 
taught  by  teacher  one,  and  repeated  for  the  data  obtained  from  the 
two  classes  taught  by  teacher  two. 

An  examination  of  the  contribution  of  the  individual  covariates 
to  the  prediction  of  science  achievement  was  also  performed. 

Conclusions  With  Respect  to 

Hypotheses:  Full  Group 

Hypothesis  1:  The  results  of  testing  hypothesis  one  were  in¬ 
conclusive.  When  tested  using  the  STEP  test  criterion,  the  hypothesis 
wTas  not  rejected.  In  other  words,  no  improvement  in  science  achievement 
scores  at  a  significant  level  resulted  from  instruction  being  given  to 
all-boy  and  all-girl  groups.  However,  when  tested  using  the  teacher 
test  criterion,  the  hypothesis  was  rejected.  Thus,  the  experimental 
subjects  scored  significantly  better  on  the  one  criterion  test,  but  not 
on  the  other. 

Hypothesis  la:  When  the  results  for  the  girls  in  the  study 
were  examined  on  both  criteria,  they  indicated  that  no  improvement  in 
science  scores  was  attained  by  instructing  the  girls  in  all-girl 
groups  in  science. 

Hypothesis  lb:  When  the  results  for  the  boys  in  the  study  were 
examined,  they  were  again  inconclusive.  Boys  in  the  experimental  groups 
achieved  significantly  more  than  boys  in  the  control  groups  on  the 
STEP  criterion.  When  using  the  teacher  test  criterion  measure,  no 
significant  differences  between  the  achievement  of  experimental  boys 
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and  the  achievement  of  control  boys  were  observed. 

Hypothesis  2:  No  significant  differences  in  science  achieve¬ 
ment  were  found  between  boys  and  girls  in  the  experimental  groups  on 
either  of  the  criterion  measures.  Thus,  the  sex  of  the  subject  did 
not  influence  science  achievement  significantly  among  the  experimental 
subjects. 

Hypothesis  3:  Similar  results  as  for  hypothesis  two  were 
found  when  examining  differences  in  achievement  between  boys  and  girls 
in  the  control  groups.  In  other  words,  no  significant  differences 
attributable  to  the  sex  of  the  subject  were  found  in  science  achieve¬ 
ment  . 

From  the  examination  of  the  hypotheses  for  the  full  group,  one 
would  generally  conclude  that  grouping  by  sex  for  instruction  in 
science  at  the  grade  six  level  does  not  significantly  enhance  science 
achievement.  The  fact  that  some  contradictory  evidence  appears  in  the 
analysis  could  be  explained  by  the  difference  in  validity  of  the  two 
post  tests,  the  teacher  constructed  test  being  more  closely  related 
to  the  content  concepts  of  the  teaching  unit.  Also,  the  STEP  test 
claims  a  high  degree  of  reliability,  while  the  teacher  test  was  found 
to  be  reliable  at  the  0.52  level. 

An  interesting  factor  noted  in  TABLE  X,  that  of  the  apparent 
regression  of  the  girls’  scores  on  the  STEP  tests,  led  to  a  decision 
to  repeat  the  analysis  of  the  data  for  each  teacher  separately.  While 
it  had  not  been  intended  to  compare  pre  and  post-STEP  results,  when 
the  unadjusted  means  were  examined  it  appeared  that  further  analysis 
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might,  disclose  information  hidden  in  the  full  group  analysis. 

Conclusions  With  Respe. ct  to 
Hypotheses:  Teacher  One 

None  of  the  hypotheses  were  rejected  wdien  examined  using  the 
STEP  test  as  the  criterion  measure.  In  effect,  grouping  students  by 
sex  for  instruction  in  science  at  the  sixth  grade  level  apparently 
does  not  significantly  influence  scores  on  the  STEP  science  test. 

It  is  interesting  to  note,  however,  that  when  the  hypotheses 
are  examined  with  the  teacher  post- test  used  as  the  criterion,  dif¬ 
ferent  results  were  observed. 

Hypothesis  1:  The  total  experimental  group’s  science  achieve¬ 
ment  was  significantly  higher  than  the  total  control  group’s,  indicating 
that  grouping  for  instruction  by  sex  improved  the  subjects’  score  on 
the  teacher  post-test. 

Hypothesis  la:  The  girls’  results  were  similar  to  the  full 
group's.  On  the  teacher  post-test,  the  girls  in  the  experimental 
groups  scored  significantly  higher  than  the  girls  in  the  control  groups. 
For  the  girls  in  these  groups,  science  achievement  on  the  teacher  post¬ 
test  was  enhanced  when  instruction  was  given  to  all-girl  groups. 

Hypothesis  lb:  This  hypothesis  was  not  rejected,  showing  that 
grouping  boys  in  all-boy  groups  did  not  improve  their  achievement  on 
the  teacher  post-test. 

Hypothesis  2:  This  hypothesis  was  rejected.  Thus,  differences 
in  achievement  which  were  significant  were  found  between  the  boys  and 
girls  in  the  experimental  group. 
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Hypothesis  3:  This  hypothesis  was  also  rejected.  The  boys  in 
the  control  group  also  out-performed  the  girls  in  the  control  group  on 
the  teacher  post- test.  Since  both  hypothesis  two  and  hypothesis  three 
were  rejected,  it  must  be  concluded  that  sex  differences  in  achievement 
are  more  significant  than  differences  resulting  from  grouping  practices, 
when  the  teacher  test  is  used  as  the  criterion  measure. 

The  results  of  testing  the  hypotheses  using  the  data  obtained 
from  the  subjects  of  teacher  one,  are  then  inconclusive.  It  appears 
that  when  achievement  is  measured  using  the  STEP  test  as  criterion,  no 
significant  differences  are  observed.  However,  the  evidence  indicates 
that  differences  in  achievement  as  measured  by  the  teacher  constructed 
post-test,  do  apparently  exist. 

Conclusions  With  R.espect  to 

Hypotheses:  Teacher  Two 

None  of  the  hypotheses  were  rejected  when  examined  using  either 
the  STEP  criterion,  or  the  teacher  post-test  criterion. 

None  of  the  sub-groups  instructed  by  teacher  two  showed  any 
significant  differences  in  science  achievement  from  any  other  group. 
Thus,  treatment  received  had  no  significant  influence  on  science 
achievement  scores,  nor  did  the  sex  of  the  subjects  in  the  groups. 

The  fact  that  the  results  for  the  subjects  of  teacher  one  dif¬ 
fered  from  the  results  for  the  subjects  of  teacher  two  might  be 
ascribed  to  differences  in  the  mode  of  instruction.  It  is  quite  pos¬ 
sible  that  more  emphasis  was  placed  on  group  activities  in  the  room 
taught  by  teacher  one,  and  that  this  led  to  superior  performance  on 
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the  teacher  test  by  the  students  in  this  room.  However,  it  must  be 
recognized  that  unknown  factors  may  have  influenced  the  results. 

ANALYSIS  OF  THE  CONTRIBUTION  OF  THE  COVARIATES 

The  examination  of  the  covariates  (previous  science  knowledge, 
reading  comprehension  ability,  intelligence  and  age)  revealed  that  only 
two  of  the  covariates  contributed  significantly  to  the  prediction  of 
both  the  STEP  post-test  scores,  and  the  teacher  constructed  post-test 
scores.  These  were  previous  science  knowledge  and  intelligence. 

Reading  ability  contributed  significantly  to  the  prediction 
of  STEP  post-test  scores  only,  indicating  that  the  STEP  test  might  re¬ 
quire  greater  proficiency  in  reading  than  the  teacher  post- test.  This 
factor  might  also  contribute  to  the  inconclusiveness  of  the  findings 
with  respect  to  the  subjects  of  teacher  one. 

IMPLICATIONS 

Since  little  conclusive  evidence  was  found  to  support  the 
general  hypothesis  that  grouping  by  sex  for  instruction  in  science 
enhances  achievement  in  science,  it  would  appear  that  the  establish¬ 
ment  of  class  groups  using  criteria  other  than  that  of  the  sex  of  the 
subject  is  advisable. 

Previous  science  knowledge  and  intelligence  were  both  signifi¬ 
cant  predictors  of  science  achievement,  and  it  is  possible  that  these 
attributes  could  be  the  basis  for  establishing  instructional  groups 
in  elementary  school  science. 
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The  inconclusive  nature  of  the  results  of  this  study  tend 


to  follow  those  of  other  grouping  studies  cited  (pages  22-23  )  •  No 
small  group  studies  were  found  in  the  research  of  the  literature,  but 
Wisenthal  (1965) ,  Fahmer  and  Cronin  (1963) ,  and  Scott  (1964)  report 
results  indicating  some  interaction  between  sex  and  science  achievement 
in  single-sex  classes  and  in  single-sex  schools.  No  distinct  patterns 
of  significant  differences  in  achievement  in  science  emerged  from  these 
studies . 

The  question  arises  as  to  the  advisability  of  grouping  for 
instruction  so  as  to  develop  the  strengths  possessed  by  the  students, 
or  to  group  so  as  to  remediate  their  weaknesses.  No  simple  answer 
can  be  given,  but  it  would  appear  that  thought  should  be  given  to 
student  needs  when  arranging  groups,  and  that  this  thought  should  en¬ 
compass  significant  predictors  of  achievement  in  science  as  well  as 
student  interest  in  the  subject. 

The  differences  in  results  noted  when  testing  the  hypotheses 
for  the  two  teachers  separately  might  lead  one  to  conclude  that  some 
teachers  could  enhance  their  students’  science  achievement  by  using 
sex  as  a  grouping  criterion.  However,  more  investigation  in  this  area 
would  be  necessary. 

Garai  and  Scheinfeld  (1968)  suggest  that  boys  would  score 
higher  in  science  than  girls  would  if  both  were  taught  in  single-sex 
classes.  They  suggest  also  that  a  masculine  approach  to  teaching 
science  might  contribute  to  feminine  failure  to  do  well.  While  the 
boys  in  this  study  did  score  higher  than  the  girls  for  all  sub-groups 
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examined  (TABLE  IV,  page  52)  ,  only  the  results  reported  for  teacher 
one  on  the  teacher  made  test  were  consistently  significant  (TABLE  XIV, 
page  66).  Thus,  the  results  of  this  study  do  not  generally  support 
the  assertion  that  a  masculine  approach  affects  the  girls’  results, 
since  no  significant  differences  were  found  for  the  subjects  of  teacher 
two  on  either  criterion. 

The  programme  of  instruction  in  elementary  school  science  in¬ 
sists  that  student  involvement  in  the  ’process'  of  science  is  essen¬ 
tial,  and  that  this  can  be  achieved  only  if  the  students  participate 
directly  in  concrete  science  experiences.  The  logistics  of  classroom 
experimentation  in  science  suggests  that  small  group  activities  are 
necessary  for  the  implementation  of  the  programme,  and  which  criteria 
are  to  be  used  in  the  formation  of  such  groups  remains  an  important 
question. 


SUGGESTIONS  FOR  FURTHER  RESEARCH 

A  number  of  areas  of  further  research  are  apparent.  The  study 
was  carried  out  only  in  grade  six.  Possibly,  different  results  might 
be  obtained  with  grouping  by  sex  if  it  was  implemented  earlier  in  the 
elementary  school  science  programme. 

No  attempt  was  made  to  find  out  if  upper  achievers  in  science 
would  benefit  more  from  grouping  by  sex  than  achievers  at  other  levels. 
Categorization  of  students  into  average,  high  and  low  achievers  in 
science  would  permit  an  examination  of  these  aspects.  Experimental 
and  control  groups  could  be  established  at  each  level,  and  the  inter- 
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action  between  achievement  level  and  grouping  treatment  examined. 

One  of  the  criteria  for  choosing  the  BIOGEOGRAPHY  unit  was 
that  it  contained  material  of  interest  to  both  boys  and  girls.  It 
is  possible  that  a  unit  of  instruction  more  directly  of  interest  to 
boys  would  enable  boys  instructed  in  all  boy  groups  to  achieve  more 
than  boys  instructed  in  mixed  groups.  Similarly,  instructional 
material  of  greater  interest  to  girls  might  result  in  higher  science 
achievement  for  girls  in  all  girl  groups. 

The  teachers  in  the  study  were  both  males.  It  would  be  in¬ 
teresting  to  investigate  the  interaction  effects  of  both  men  and  women 
teachers  with  subjects  of  both  sexes,  in  experimental  and  control 
grouping  situations. 

Finally,  science  achievement  cannot  be  measured  simply  by 
using  multiple  choice  tests.  Over  a  period  of  time  longer  than  the 
eight  weeks  of  the  study,  an  evaluation  instrument  more  comprehensive 
in  nature  could  be  designed.  This  would  permit  the  evaluation  of  the 
full  spectrum  of  skills,  attitudes  and  concepts  which  constitute  the 
elementary  school  science  programme. 
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APPENDIX  A 


SAMPLE  TEST  ITEMS  FROM  STEP  SCIENCE 


TEST  FORM  A 


Growth  Record 


98 


Pets  In  Class 

Miss  Damrin’s  class  kept  several  pets  in  their 
classroom. 

1  One  afternoon  they  weie  looking  at  the 
beautiful,  tiny,  tropica!  fish  in  the  aquari¬ 
um.  Jane  asked,  “Why  is  the  water  heated 
for  these  fish?’’  Which  pupil  gave  the 
best  answer? 

A  Tom  said,  “To  keep  the  water  from 
freezing.” 

B  Bill  said,  “To  kill  harmful  germs  which 
might  be  in  the  water.” 

C  Ruth  said,  “To  keep  the  water  clean 
and  clear  for  the  fish.’’ 

D  Bob  said,  “To  give  the  fish  the  kind  of 
home  in  which  they  can  best  live.” 

2  For  their  classroom.  Ruth's  father  gave  the 
children  two  cages  and  two  little  guinea 
pigs  which  were  the  same  size.  They 
wanted  to  find  out  if  dark  whole-wheat 
bread  is  better  for  health  and  growth  than 
white  bread.  How  could  they  best  carry 
out  their  experiment? 

£  Give  both  guinea  pigs  white  bread. 

F  Give  both  guinea  pigs  whole-wheat 
bread. 

G  Give  one  guinea  pig  whole-wheat  bread 
arid  the  other  white  bread. 

H  Give  one  guinea  pig  whole-wheat  bread, 
and  the  other  no  bread  at  all. 

3  Bill's  father  also  gave  the  class  a  pair  of 
guinea  pigs.  The  children  gave  the  two 
guinea  pigs  different  diets.  The  children 
weighed  their  guinea  pigs  each  Friday. 
They  kept  a  growth  record.  This  is  their 
chart. 


Copyright  19 57,AH  Rights  Reserved. 
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Ounces 


Weeks 


From  this  chart,  can  you  tell  what  hap¬ 
pened  to  the  guinea  pigs? 

A  Both  gained  the  same  amount  of  weight. 
B  Number  1  gained  more  than  number  2. 
C  Number  2  gained  more  than  number  1. 
D  Number  2  lost  weight. 

4  From  this  chart  what  was  the  difference  in 
weight  between  the  two  guinea  pigs  after 
nine  weeks? 

£  Number  1  weighed  6  ounces  more  than 
number  2. 

F  Number  1  weighed  18  ounces  more 
than  number  2. 

G  Number  2  weighed  6  ounces  more  than 
number  1. 

H  Number  2  weighed  12  ounces  more 
than  number  1. 

5  Mary  took  one  guinea  pig  home  from 
school  and  fed  him  properly  over  the  week 
end.  The  guinea  pig  lay  quiet  and  rested 
on  the  bottom  of  the  cage.  Billy  took  the 
other  one  home.  He  forgot  to  feed  him 
on  Monday  morning.  The  guinea  pig 
was  restless,  ran  around  the  cage,  and  bit 
Billy's  finger.  What  do  you  think  the  class 
learned? 

A  Guinea  pigs  can  live  for  days  without 
food. 

B  Guinea  pigs  sleep  when  they  are  hun¬ 
gry. 

C  Guinea  pigs  fight  each  other  for  food. 

D  Hunger  changes  a  guinea  pig's  actions. 

Go  on  to  the  next  page. 

s 
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APPENDIX  B 


Sample  test  items  from  the  post-test,  constructed  by  cooperating 
teachers  and  investigator: 


James  wants  to  prepare  an  environment  for  several  water  insects 
he  caught  in  a  nearby  pond.  His  insects  will  be  most  comfortable  if 
he  uses 

a.  water  from  the  tap 

b.  water  from  the  pond 

c.  distilled  (very  pure)  water 

If  you  placed  a  slice  of  moistened  bread  in  the  freezer,  another 
in  the  refrigerator,  and  a  third  in  a  warm  oven,  after  several  days 
where  would  you  be  most  likely  to  find  mold  growing? 

a.  on  the  bread  in  the  warm  oven 

b.  on  the  bread  in  the  freezer 

c.  on  the  bread  in  the  refrigerator 

John  put  a  spoonful  of  yeast  and  a  pint  of  water  in  each  of 
three  jars.  He  then  added  two  tablespoons  of  sugar  to  one  of  the  jars. 
In  the  second  jar  he  put  one  teaspoon  of  sugar.  The  third  jar  had  no 
sugar  added.  In  which  jar  would  you  expect  to  see  most  increase  in 
yeast  population  take  place? 

a.  in  the  jar  containing  no  sugar 

b.  in  the  jar  containing  one  teaspoon  of  sugar 

c.  in  the  jar  containing  two  tablespoons  of  sugar 

The  fact  that  many  places  in  the  world  have  a  water  shortage 
is  not  due  to  lack  of  water,  but  to 

a.  too  many  people  using  water 

b.  too  many  plants  using  water 

c.  an  uneven  rainfall  over  the  world 


APPENDIX  C 


BIOGEOGRAPHY  ACTIVITIES 


Big  Ideas: 


1.  Environments 


Level  2 
Level  3 

2.  Environmental  change 

Level  2 
Level  3 

3.  Diversity  in  life 

Level  2 
Level  3 


4.  Adaptation 


5.  Time  and  life 


6.  Man  and  environment 


Leve 1  2 

* 

Level  3 


Level  2 
Level  3 


* 

Level  2 


One  sample  activity  from  Big  Idea  5  Level  3  follows. 


•k 

Home  activities  which  were  changed  to  classroom  activities, 
other  activities  are  classroom  activities. 


All 
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APPENDIX  D 


The  three,  tables  which  follow  present  the  regression  equations 
used  in  the  major  analyses.  In  each  table  the  full  models  are  reported 
with  the  calculated  constant,  and  regression  weights  for  the  respective 
vectors . 

The  equations  are  reported  for  the  criterion  measure  (post 
STEP  test),  using  as  the  restricted  model,  model  2. 

If  model  4  is  used  as  the  restricted  model  in  the  regression 
analysis,  then  the  criterion  measure  predicted  would  be  X^  (teacher 
constructed  post-test) . 
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